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The neutron beam of the 184-inch cyclotron has been used to produce fission in elements 
from Pt to Bi. The atomic fission yields relative to thorium for 84-Mev neutrons are bismuth 
0.019, lead 0.0055, thallium 0.0032, mercury 0.0023, gold 0.0020, and platinum 0.0009, Yield 
curves for reduced neutron energies were determined. Significant differences in the fission 
yields of the abundant lead isotopes were found. With 84-Mev neutrons the maximum fission 
fragment ionization relative to thorium was 0.8 for bismuth and ranged down to about 0.7 


for gold. 





I. INTRODUCTION 


HE fast neutron fission of U**® and Th** 

suggests that with neutrons of sufficiently 
high energy fission can occur in elements of lower 
atomic number. Several attempts to detect the 
fission of bismuth and lead have been made. 
Broda and Wright! bombarded bismuth and lead 
with neutrons of maximum energy of about 14 
Mev produced by 900-kev deuterons on lithium. 
They then made chemical separations in an 
attempt to detect any radio-iodine, which might 
have been formed as a fission product. They 
could find no positive evidence of fission and 
concluded that for neutrons from their deuterons 
on lithium reaction the ratio of cross sections of 
lead to U*8 was less than 1.3 10-5 and that the 
ratio of cross sections of bismuth to U** was less 
than 510-5. Broda also exposed photographic 
plates containing lead and bismuth salts to neu- 
trons from the same Li-D source and could find 
no tracks ascribable to the fission of these ele- 
ments. J. G. Hamilton and H. York (unpub- 


' Broda and Wright, Nature 158, 871 (1946). 
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lished) have looked for fission in bismuth with 
neutrons from 20-Mev deuterons on lithium, 
with negative results. Chemical identification of 
fission products in bismuth and lead bombarded 
with neutrons from the 184-inch cyclotron has 
been reported by I. Perlman et al.? 

In this paper we shall describe experiments 
which have demonstrated the fission of bismuth, 
lead, thallium, mercury, gold, and platinum in 
the intense neutron beam of the 184-inch 
Berkeley cyclotron. We have also measured the 
relative fission yields of these elements at various 
neutron energies. The method of investigation 
was the detection of the ionization produced by 
the recoil fission fragments from a sample placed 
in an argon filled ionization chamber. The 
chamber was exposed to the neutron beam as 
indicated in Fig. 1. The individual pulses from 
electron collection in the argon were fed into a 
linear amplifier and the amplified pulses were 
recorded by a scaling circuit and a mechanical 
register. 


21. Perlman, R. H. Goeckermann, D. H. Templeton, 
and J. J. Howland, Phys. Rev. 72, 352 (1947). 














1136 E. L. KELLY AND CLYDE WIEGAND 


pwonms PROBE 





NEUTRON BE AM 
\ONIZATION 
CHAMBER 
— 
226 IN, i 

















VACUUM CHAMBER 


Fic. 1. Experimental arrangement showing the position 
of the internal target of the cyclotron, the direction of the 
neutron beam, and the position of the ionization chamber. 


A double ionization chamber was chosen in 
order that the fission pulses from a comparison 
sample could be observed at the same time and 
in the.same position in the beam as the element 
under investigation. Thorium was used as a 
monitor because it does not undergo fission by 
slow neutrons. The use of electron collection and 
fast amplifiers was essential in distinguishing 
between fission fragment ionization and the 
background ionization produced by the pulsed 
beam of the synchro-cyclotron. 


2. NEUTRON BEAM 


The neutron beam used in this experiment was 
produced by bombardment of a thin internal 
target of lead with accelerated deuterons. With 
deuterons of an estimated energy of 190 Mev the 
neutron beam has a total angular width at half- 
maximum of about 10°.* According to Serber* the 

TABLE I. Neutron energies in Mev-at various cyclotron 
target radii. Ez is the calculated deuteron energy; £; is 
the average energy lost by a deuteron in the target; E,, is 
the calculated energy of the emergent neutrons; and AE, 
is the total energy width at half-maximum of the energy 


distribution curve, which takes into account only neutrons 
in the forward direction. 











Target radius 
in inches Ea E En AEs 
81 190 . © 84.0 20.9 
75 168 11 72.5 19.7 
70 150 12 63.0 18.6 
65 132 13 53.5 17.4 
60 114 14 44.0 16.2 
55 97 16 34.5 15.0 
50 81 19 25.0 13.7 








*A. C. Helmholtz, E. M. McMillan, and D. C. Sewell, 
Phys. Rev. 72, 1003 (1947). 
4R. Serber, Phys. Rev. 72, 1008 (1947). 


narrow beam of high energy neutrons js 
produced by a process in which the proton jg 
stripped off the deuteron while the neutron pro. 
ceeds with approximately the velocity of the 
incident deuteron. The mean energy of the emer. 
gent neutrons is given by the equation 


E,=3(Ea—E,—E,), 


where Eg is the energy of the bombarding deu- 
teron, Z, the energy required by a deuteron ty 
penetrate the Coulomb field of a target nucleys 
(12 Mev for Pb), and £; is the average energy 
lost by a deuteron in the target before being 
stripped. Thus it is possible to vary the energy 
of the neutron beam by varying the energy of 
the bombarding deuterons. This is accomplished 
by intercepting the deuteron beam in the cyclo. 
tron at suitable radii. A schematic diagram of 
the general arrangement is shown in Fig. 1. The 
energy of the deuteron beam as a function of its 
radius has been calculated from measured values 
of cyclotron magnetic field strength. Values of 
Ea, Es, En, and AE, at various radii are given 
in Table I. AE, is the total width at half-maxi- 
mum of the energy distribution curve for a thin 
target. According to Serber, AE, in the forward 
direction, and for an opaque nucleus is given by 


AE, = 1.030(e2E) 4 


where ¢g is the binding energy of the deuteron 
(2.18 Mev). This does not include uncertainties 
in energy due to the finite thickness of the target. 


3. APPARATUS 


The double ionization chamber consisted of 
three insulated parallel plates mounted in a steel 
housing. The parallel plates had an area of 100 
cm? each and were separated by a distance of 1.5 
cm. The center plate was maintained at a po 
tential of —800 volts supplied by a dry cell 
battery pack and the chamber was filled with 
argon at atmospheric pressure. The comparison 
sample was mounted on one side of the center 
plate and the sample to be studied was mounted 
on the opposite side of the center plate. 
The two outer plates were the collecting 
electrodes and together with the center plate 
formed two separate parallel plate ionization 
chambers. A linear amplifier was connected to 
each collecting electrode and the output of each 
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amplifier was fed into the pulse height dis- 
criminator of a scaling circuit. The amplifiers 
had a time of rise of 0.2 microsecond and a decay 
time constant of 5 microseconds; the bias of the 
discriminator circuits could be adjusted to reject 
pulses below any specified height. The number 
of pulses passed by each discriminator was re- 
corded by a mechanical register and the inter- 
polation system of the scaling circuit. A cathode- 
ray oscillograph provided continuous visual in- 
spection of the amplified fission pulses. 

Two samples of bismuth were prepared by 
evaporating bismuth upon a backing of alumi- 
num. One bismuth sample was thin compared 
to the range of fission fragments (0.2 mg cm-*) 
and the other was thick (10 mg cm~*). Two 
samples of thorium were used, one thick and one 
thin compared to the range of fission fragments. 
The thin sample was composed of about one mg 
cm~? of ThO; deposited on an aluminum backing 
over an area of 44 cm? and contained 32 mg of 
thorium metal; the thick sample was a foil of 
thorium metal having an area of 2.93 cm? and a 
weight of 120 mg cm~*. The samples of platinum, 
gold, and ordinary lead were commercially avail- 
able foils and the thallium was rolled into foil ; 
these were thick compared to the range of fission 
fragments. The mercury sample was a pool of 
liquid mercury. Lead enriched in Pb** was 
electroplated upon a copper support forming a 
deposit which weighed 10 mg cm~. A similar 
sample was prepared from radiogenic Pb?**, Ex- 
cept for the thorium, each sample had an area 
of 80 cm*. 


4. EXPERIMENTAL PROCEDURE AND RESULTS 


The operating amplifier gain and scaling cir- 
cuit discriminator bias were determined by 
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Fig. 2. Number of counts of fission in Bi as a function 
of bias, monitored with a Th fission counter kept at con- 
stant bias. 
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counting fission pulses from a thin bismuth 
sample at various bias settings. The thin bis- 
muth sample was placed in one side of the double 
chamber and the thin thorium comparison foil 
was placed in the other side. During the time 
that the bismuth fissions were counted the neu- 
tron beam was monitored by recording with fixed 
bias the fissions from the thorium foil. A plot of 
these data gives the number versus bias curve 
shown in Fig. 2. Fission pulses from the thorium 
sample also were counted at various bias settings 
of the thorium channel discriminator while the 
neutron beam was monitored by recording with 
fixed bias the fissions from the bismuth sample. 
The resulting number versus bias data are plotted 
in Fig. 3. The curves of Figs. 2 and 3 indicate 
suitable operating biases. The arbitrary units of 
the bias scales in these figures were made equal 
by inter-calibrating with signals from a pulse 
generator. The bias curves are affected by the 
pulses of ionization produced by the neutrons 
crossing the ionization chamber during the out- 
put times of the cyclotron. 

The working conditions of the ionization cham- 
bers could be checked at any time by observing 
the natural alphd-particle pulses from the 
thorium and the pulses from a small source of 
polonium placed adjacent to the sample under 
investigation. The pulse height of the alpha- 
particles also served as a rough calibration of the 
fission pulse height. 

With the cyclotron target at 81 inches radius 
(neutron energy 84 Mev) fission counts from each 
of the thick samples were measured relative to 
the fission counts of the comparison foil of thick 
thorium. Differences in the counting efficiencies 
of channels 1 and 2 were minimized by counting 
the sample under investigation with channel 1 












































Tr : 

3 150 x 2 

2 v0 NA f . 
: Peay 
“Fel I] 


3 ° io 20 30 40 $0 60 7 
BIAS OF THORIUM COUNTER IN ARBITRARY UNITS 


Fic. 3. Number of counts of fission in Th as a function 
“ bias, monitored with a Bi fission counter kept at constant 
ias. 








TABLE II. Fission yields relative to thorium for neutron 


energy of 84 Mev. 











Element Bi Pb Tl Hg Au Pt Background 
Fission yield 
per atom 0.019 0.0055 0.0032 0.0023 0.0020 0.0009 0.00005 


relative to Th 








and the thorium with channel 2 and then inter- 
changing the leads to the chamber so that chan- 


nel 2 counted the sample under investigation 
and channel 1 counted the thorium. The geo- 
metric mean of the ratios so obtained was used 
for computing the yields relative to thorium. 


The values listed in Table II are corrected for 


the difference in area of the thorium comparison 
foil and the thick samples tested. 

Fission counts of the thick samples of bismuth, 
ordinary lead, thallium, mercury, gold, and 
platinum were measured at various neutron 
energies using the thin thorium foil as a beam 
monitor only. The arbitrary yield scales of the 
excitation curves obtained in this manner were 
adjusted so that the values at 81 inches radius 
coincided with those given in Table II. The data 
of Fig. 4 represent thick target fission yields 
relative to bismuth. It should be remarked that 


CALCULATED MEAN NEUTRON ENERGY 
25 345 44 535 63 725 84 MEV 
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Fic, 4, Relative fission yields as a function of the mean 
energy in the neutron beam, 
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_TaBLeE III. Fission yields of three samples of 
7 oe, hen isotopic composition and the calculated y; 











of the abundant isotopes. The neutron energy was 84 Mey 
—=—=—=—=—— 
Isotopic Observed fission |} Pure culated 

Lead composition yield relative Pb va relative 

sample 206 207 208 to Th isotope to Th 
1 0.93 0.07 0 0.007 1 +-0.0004 206 0. 

2 0.02 0.08 0.90 0.0036+0.0001 207 0.0101 see 

3 0.25 0.23 0.52 0.0055£0.0003 || 208 0.0028 40.00 

——————_—_ 














these curves are distorted by the spread in ney. 
tron energies (AZ, in Table I). Thus, even though 
a true excitation curve might rise abruptly from 
zero yield at a certain energy, this threshold 
point would be obscured by the spread in energy 
of the neutron beam. 

Actually, the number of fissions recorded jg 
clearly proportional to 


fone, 


where (£) is the cross section as a function of 
energy, N(£) is the flux of neutrons with energy 
between E and E+dé and the integral is ex. 
tended over the whole neutron spectrum. It is 
not inconceivable that the main contribution to 
the integral may come from the high energy tail 
of the neutron distribution because even if 
N(E) is small o(£) may have become so large 
as to overcompensate for the smallness of N(E), 

A rough check on the value given in Table II 
(0.019) of the fission yield of bismuth relative to 
that of thorium for the neutron distribution ob- 
tained with the maximum energy deuterons can 
be determined from the number versus bias 
curves of Figs. 2 and 3 and the weights of the 
thin samples. The result is 0.022+0.006. 

The fission yields of three samples of lead 
differing in isotopic composition were measured 
at the maximum neutron energy by the com- 
pensating method previously described. The com- 
position of the samples together with the ob- 
served and computed yields are presented in 
Table III. The errors given in the yield values 
are standard erros based upon internal con- 
sistency and should be reliable for comparison 
purposes. The samples were checked for uranium 
and thorium impurities by counting fissions at 
reduced neutron energies. The reduced yields 
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were those expected from the lead excitation 
curve of Fig. 4. 

An effort was made to determine the maximum 
fission fragment ionization of bismuth, thallium, 
and gold relative to that of thorium by finding 
the ratios of the maximum pulse heights. The 
maximum pulse heights were determined by the 
cut-off bias of the number versus bias curves. 
Figures 2 and 3 indicate that bismuth produces 
0.8 of the ionization of thorium fission. From 
Fig. 5 gold and thallium appear to give 0.7 as 
much ionization as thorium. Visual observations 
with the oscillograph are in agreement with these 
values. 

The use of thick samples in the measurement 
of fission yields causes the observed yields to 
depend upon pulse height, which in turn de- 
pends upon the ionization released by the recoil 
fission fragment. With the operating conditions 
used in our experiment this means that the thick 
sample yield values probably are uncertain by 
as much as 20 percent. It is unlikely, however, 
that this introduces any appreciable error into 
the ratio of the lead isotope yields listed in 
Table III. 

An interesting application of the preceeding 
work is the construction of neutron counters 
sensitive only to very high energy neutrons. 
Such instruments have been built and are cur- 
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Fic. 5, Ratio of the number of fission counts in a chamber 
with variable bias versus a monitor held at constant bias. 
In the curves labeled thallium and gold a thorium monitor 
has been used. In the curve labeled thorium a thallium 
monitor was used. 


rently used in the Radiation Laboratory. They 
will be described elsewhere. 
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Note on Stimulated Decay of Negative Mesons 


S. T. Epstetn, R. J. FINKELSTEIN, AND J. R. OPPENHEIMER 
Institute of Advanced Study, Princeton, New Jersey 


(Received February 5, 1948) 


Theories in which the decay of negative mesons is accelerated by electrostatic fields are 
investigated. Such theories always give radiative decay for free mesons. The competition of 
radiationless decay of negative mesons increases with Z*, and the two rates become equal 
for a value of Z, which depends somewhat on the choice of coupling, but which, for one simple 
form, is 12. Experimental evidence probably disproves theories of this kind. 





ALLEY and Rossi! have reported their 

_ studies of the decay of mesons in aluminum. 
They find that the lifetime of negative mesons in 
that material is about } that of positive mesons. 
They also refer to the suggestion* that the 
shortened lifetime may be interpreted, not in 
terms of competing nuclear capture of mesons, 
but by the acceleration of the decay process itself, 
presumably because of the strong electric fields 
acting on negative mesons when they are bound 
in atomic states. If this were true, we should 
clearly have a natural interpretation of the 
regular and marked decrease of observed delayed 
coincidences from negative mesons as the effective 
intensity of the electric field increases with 
atomic number. 

One general feature of any theory which 
provides for appreciable acceleration of meson 
decay by electric fields needs first to be noted. 
In effect, even in the absence of matter, fluc- 
tuating electric fields, ascribable to the vacuum 
fluctuations, will always be present. These will 
in turn lead to stimulated decay accompanied by 
the emission of light quanta. Thus, in all theories 
of this kind, the decay of mesons in free space 
must, at least frequently, be accompanied by 
y-ray emission. When negative mesons are 
trapped in matter, the electrostatic fields of the 
nuclei compete with the fluctuation fields, giving 
rise to processes in which no quanta are emitted, 
and whose probability may be expected to 
increase markedly with atomic number. 

We wish to report briefly some typical cal- 
culations bearing on this point. However, we 


1G, Valley and B. Rossi, Phys. Rev. 73, 177 (1948). 

* These questions were discussed at the Ram Island 
Conference sponsored by the National Academy of Sciences, 
June, 1947, 
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need to note, in a preliminary way, that the 
evidence? as it stands is probably not com. 
patible with the view that normal meson decay 
involves light quantum emission. It need hardly 
be pointed out that the results of Anderson® and 
his collaborators in which a decay positron has 
an observed energy of 25 Mev could readily be 
explained in these terms. 

For the calculations we have assumed that 
the spin of the meson is 0 (it cannot be greater 
than 4); it then does not affect these results 
whether the meson field is scalar or pseudoscalar, 

One might at first take, as a simple interaction 
which promises to account for a stimulated 
decay, the coupling 


g¢nty"*¢.0,U+complex conjugate, _(A) 


where ¢n, ¢, and U are the neutrino, electron, 
and meson wave functions and 0,=(0/dx,) 
—(ie/hc)A,. As is well known, the free disin- 
tegration of a meson into electron and neutrino 
is highly forbidden with this coupling, and one 
might suppose that electromagnetic fields would 
circumvent the selection rule. That this is not 
true follows from the remark of Nelson,‘ that, 
in fact, the coupling (A) is for these purposes 
equivalent to the scalar coupling 


g(m/u)enteeU, (A’) 


(with m the electron, » the meson, masses) 
except for terms of higher order in g, which do 
not enter here. Estimates based on these coup- 
lings indicate that the decay rate in aluminum 


2 For example, R. D. Sard, and E. J. Althaus ‘(to be 
published). 
( 3 — Adams, Lloyd, and Rau, Phys. Rev. 72, 724 
1947). 
*E. C. Nelson, Phys. Rev. 60, 830 (1941). 
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is not changed by more than 1 percent from the 
rate for free mesons. 

We have, therefore, examined more complex 
coupling schemes, such as are obtained by adding 
to the Lagrangian one of the four following forms 


oF gent V7’ Ge, (B) 
BF," ent "eed, (C) 
gf,’ U0, en*y"¢e), (D) 
gk,’ Vent y"drge. (E) 


Of these, we have examined only (B) and (C) 
in detail. The result of the calculation can be 
expressed in terms of the ratio \,/A, where A, is the 
rate of ternary free decay, and X, is the rate of bin- 
ary stimulated decay for a negative meson trapped 
in its atomic K-shell. These ratios are completely 
fixed by the coupling, and of course independent 
of the value of g. The results are 


\,/Ay = (256/3) (e?/hc)4Z* for (B), 
= 1280(e?/hc)*Z® for (C). 


The general character of these results can be 
understood by a simple argument. The vacuum 
fluctuations leading to the emission of quanta of 
energy ~uc* can be characterized by an electric 
field of the order 


E,= (he)4/(h/uc)*. 


On the other hand, the electric field acting on a 


STIMULATED DECAY OF NEGATIVE MESONS 





meson in the K-shell is 
E, =Ze/[(h/uc)(he/e*)Z— f. 
Hence, for the ratio of the two rates 
(Ex/E,s)? = Z°(e*/he)*. (1) 


Detailed calculation shows, however, that in 
these high energy disintegrations the effective 
distance of the meson from the nucleus is 


(h/wc)(Ze*/hc)~ 


rather than the K-radius 


(h/wc)(Ze?/he)~, 
as assumed above. This alters the ratio (1) to 
"—_Z8(e®/he)', (2) 


We can compare these results with the findings 
of Valley and Rossi by asking for what value of 
Z we get a X, twice the value of A,;. Valley and 
Rossi find Z~13; (B) gives Z=24; (C) gives 
Z=14. This latter result would clearly be con- 
sistent with experiment. Because of the unlikeli- 
hood that the basic mechanisms here. proposed 
are realized in nature, we have not examined the 
cases (D) and (E) in detail. 

It is, of course, conceivable that the accelera- 
tion of decay would have to be ascribed, not to 
the electric fields of nuclei, but to the charge 
density itself. In this case, free decay would not 
involve y-ray emission, though it would involve 
pair emission. It has not seemed profitable to 
explore these complex alternatives. 
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The Disintegration of Antimony 124 


BERNARD D. KERN, DANIEL J. ZAFFARANO, AND ALLAN C. G. MITCHELL 
Indiana University, Bloomington, Indiana 
(Received February 5, 1948) 


The radiations from antimony bombarded by slow neutrons have been investigated with 
the help of a magnetic lens spectrometer. Compton electrons, ejected from a copper radiator, 
and photoelectrons ejected from a thin lead radiator, were measured. Gamma-rays of the fol- 
lowing energies were found: 2.062, 1.708, 0.714, 0.650, and 0.603 Mev. The beta-ray spectrum 
was measured and found to be complex. An analysis according to the Fermi theory gives the 
possibility of resolving the spectrum into five groups with the following end-point energies and 
relative abundances: 2.37 Mev, 21 percent; 1.62 Mev, 8 percent; 1.00 Mev, 9 percent; 0.65 
Mev, 44 percent; 0.48 Mev, 18 percent. An internal conversion line was detected corresponding 
to a gamma-ray of 0.603 Mev. A gamma-ray attributed to Sb"(2.8d) was found to have an 


energy of 0.568 Mev. 





1. INTRODUCTION 


HE nuclear radiations from antimony have 
been studied by a number of investigators 
during the past several years with somewhat 
discordant results. Since some of the early work 
on antimony! was performed in this laboratory, 
it was thought wise to make a careful investiga- 
tion of Sb™ using the several different types of 
spectrometers now available to us. Accordingly, 
this paper and the two associated papers from 
this laboratory—one by Cook and Langer, using 
a large 180° magnetic spectrometer, and one by 
Jurney and Mitchell on coincidence work—give 
the results of the work. The two investigations 
of the energy of beta- and gamma-rays, one with 
the 180° spectrometer and one with the magnetic 
lens, were carried on independently and the re- 
sults compared after the observations were com- 
pleted. The satisfactory agreement between the 


two sets of observations gives a nice check on 


the calibration of the apparatus used. This 
paper will embody the results obtained using 
the magnetic lens spectrometer. 

Antimony has two stable isotopes, Sb” and 
Sb’, from which the well-known radioactive 
isotopes Sb’ (2.8 days) and Sb™ (60 days) 
can be formed from neutron capture.” In addi- 
tion, several short lived radioactive isomers have 
recently been discovered by Der Mateosian, 
Goldhaber, Muehlhause, and McKeown.’ Of 

1A.C. G. Mitchell, L. M. Langer, and P. W. McDaniel, 
Phys. Rev. 57, 1107 (1940). 

2J. T. Livingood and G. T. Seaborg, Phys. Rev. 55, 
414 (1939); ibid., Rev. Mod. Phys. 12, 30 (1940). 


3E, Der Mateosian, M. Goldhaber, C. O. Muehlhause, 
and M. McKeown, Phys. Rev. 72, 1271 (1947). 
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these, the ones with period of 1.3 min. and 21 
min. are ascribed to Sb™, and that of 3.5 min. is 
ascribed to Sb’. These isomers, however, are 
not disturbing factors in the work reported in 
this paper. / 

The radiations from Sb™ have been variously 
described. Amaki and Sugimoto‘ found a beta- 
ray end point, by absorption, of 1.64 Mey, 
Mitchell, Langer, and McDaniel using similar 
methods obtained an end point of 1.53 Mey, 
Hales and Jordan,’ using a beta-ray spectro- 
graph, found the spectrum to be complex and 
resolvable into two groups with end points at 
0.74 and 2.45 Mev, while Miller and Curtiss,‘ 
using similar apparatus, found end points at 
0.53 and 2.25 Mev. Jnanananda,’ using a mag- 
netic lens, found one group at 0.654 and a higher 
energy group. 

The gamma-rays have been investigated by 
several observers. Measurements on the range of 
Compton electrons produced in aluminum were 
made by Mitchell, Langer, and McDaniel, with 
the help of coincidence counting techniques, and 
yielded a value for the most energetic gamma-ray 
of 1.82 Mev. In addition, they presented some 
evidence for the existence of radiation of a much 
lower energy. Meyerhoff and Scharff-Goldhaber* 
using similar techniques found gamma-rays at 

4T. Amaki and A. Sugimoto, Inst. Phys. and Chem. 


Research, Tokyo, Sci. Paper No. 853, 1656 (1938). 
( 3) B. Hales and E. B. Jordan, Phys. Rev. 64, 202 
1943). 

*L. C. Miller and L. F. Curtiss, Phys. Rev. 70, 983 
(1946). 

7S. Jnanananda, Phys. Rev. 72, 1124 (1947). 

8W. E. Meyerhoff and G. Scharff-Goldhaber, Phys. 
Rev. 72, 273 (1947). 
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approximately 1.7 and 0.6 Mev. Kruger and Ogle® 
measured the energy of pairs formed in a cloud 
chamber and observed a gamma-ray of 1.70 
+0.04 Mev, while Feister and Curtiss,’ using a 
magnetic lens, found a gamma-ray energy of 0.6 
Mev. Rall and Wilkinson" measured photo- 
electrons in a magnetic lens and concluded that 
there was a gamma-ray of energy 1.72 Mev. 
Several investigators have made experiments on 
the energy of neutrons produced by the gamma- 
rays of Sb on Be. The results obtained by the 
various investigators are: 1.75+0.04, by Klaiber 
and Scharff-Goldhaber,” 1.73+-0.04 by O’ Neal,” 
1.67 by Wattenberg," 1.704+0.012 by Hughes 
and Eggler.1® Out of this group, no one investi- 
gator measured both the beta-ray spectrum and 
the energy of the gamma-ray linés in an instru- 
ment of high resolving power. 


2. APPARATUS 


The apparatus used was a magnetic lens of 
rather conventional design.’* A detailed descrip- 
tion will be given elsewhere, but the main fea- 
tures are shown in Fig. 1. The vacuum housing is 
a brass tube 7 in. in O.D. and 7 ft. long. The mag- 
netic field, along the axis, is furnished by the 
coil C, which consists of 4124 turns of No. 14 
wire. The inside and outside radii of the coil are 
10.0 and 28.9 cm, respectively; the thickness is 
10 cm and the field along the axis at the center 
of the coil is 141 gauss/amp. The baffle system 
is mounted on longitudinal “‘stringers’’ and 
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slides into the tube from the end EZ. The annular 
opening through which the electrons are accepted 
is defined by the fixed baffle Bf of 14.75-cm inside 
diameter and the movable baffle Bm of 10-cm 
outside diameter. The annular opening can be 
changed by moving the baffle Bm with the help 
of a rod through a Wilson seal to the outside 
(not shown). Thus the resolving power can be 
changed when the focal length is kept constant. 
The baffles denoted by Bs are used to prevent 
scattering. 

The source S is mounted on a Lucite holder 
at the end of a long brass tube which may be 
slid into the system through a gate valve G and 
Wilson seal. The source holder itself is positioned 
by the Lucite guide, H, securely mounted on the 
baffle system. The source S and counter D are 
surrounded with lead shielding which serves to 
cut down the gamma-ray background. A lead 
cone 25 cm long was mounted on the axis of the 
lens to attenuate the direct gamma-ray beam 
reaching the counter. The counter D was of the 
usual end window type. In the experiments to 
be described the window was of mica, having a 
surface density of 4 mg/cm?. 

The instrument has been used so far at a focal 
length setting of 25 cm. It was calibrated at this 
setting with the help of annihilation radiation 
from a Cu target. Assuming that the energy of 
the annihilation radiation is 0.511 Mev, the 
calibration constant of the instrument was found 
to be 1547+5 gauss-cm/amp. 
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Fic. 1. Schematic diagram—magnetic lens. 


|. Feister and L. F. Curtiss, see reference 8. 


*P. G. Kruger and W. E. Ogle, Phys. Rev. 67, 273 (1945). 


4" W. Rall and R. G. Wilkinson, Phys. Rev. 71, 321 (1947). 
® G, S. Klaiber and G. Scharff-Goldhaber, Phys, Rev. 61, 733(A) (1942). 


*R. D. O'Neal, Phys. Rev. 70, 1+(1946). 
4 A. Wattenberg, Phys. Rev. 71, 497 (1947). 


*D. J. Hughes and C. Eggler, Phys. Rev. 72, 902 (1947). 


See M. Deutsch, L. G. Elliott, and R. D. Evans, Rev. Sci. Inst. 15, 178 (1944). 
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Fic. 2. Photoelectrons yy from lead by gamma-rays of antimony 124 and 122. (Ki—0.568 Mev 
Sb") ; (K2—0.603 Mev Sb™); (K;—1.708 Mev Sb™). 


The antimony source used in the experiment 
was obtained from the Oak Ridge pile of the 
U. S. Atomic Energy Commission. The active 
material, in the form of antimony powder, was 
dissolved and purified chemically. Especial at- 
tention was paid to the removal of tellurium. 
The material was finally brought down as Sb2S;, 
in which form it was used in these experiments. 
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Fic. 3. Photoelectrons ejected from lead by gamma-rays 
of antimony 124 and 122. (K:—0.568 Mev Sb"); (K2 
—0.603 Mev Sb™); (K3:—0.652 Mev Sb™); (Ky— -0.714 
Mev Sb™). 





3. GAMMA-RAY MEASUREMENTS 


In order to measure the energy of the gamma- 
rays, two methods were used. The first was to 
measure the photoelectrons produced in a lead 
radiator by the gamma-rays and the second was 
to measure the distribution of Compton elec- 
trons from a copper radiator. For this purpose 
the antimony salt was placed in a cylindrical 
copper capsule 1 cm in diameter. The walls and 
flat end of the cylinder were just thick enough 
to stop the most energetic beta-rays produced 
by antimony. A lead sheet 1 cm in diameter and 
of a surface density of 26 mg/cm? was placed on 
the flat end of the copper capsule to serve as a 
radiator of photoelectrons. If the distribution of 
Compton electrons was to be measured, the lead 
radiator was omitted. 

The measurements of the photoelectrons were 
made many times, over an interval of several 
weeks. Figure 2 shows the first of these measure- 
ments which was taken at a time at which an 
appreciable amount of the 2.8-d Sb™ was still 
present. There is a peak at 2829 Hp correspond- 
ing to a photoelectron ejected from the K shell 
by a gamma-ray of 0.568 Mev; K and L peaks 
at 2980 Hp and 3255 Hp corresponding to a 
gamma-ray of energy 0.603 Mev, and K and L 
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peaks at 6900 Hp and 7120 Hp corresponding to a 
gamma-ray of energy 1.708 Mev. Figure 3 
shows a detail of the region around 3000 Hp taken 
four days after the data of Fig. 2. It will be seen 
at once that the peak at 2829 Hp dies away rather 
rapidly with time and is therefore to be at- 
tributed to Sb” (2.8 days). In addition, weak 
lines appear at 3148 Hp and 3370 Hp. These 
correspond to K peaks from lines at 0.652 Mev 
and 0.714 Mev, respectively. 

The distribution of the Compton electrons is 
shown!” in Fig. 4, in which N/Hp is plotted 
against Hp. It will be seen at once that there is 
a low intensity, high energy gamma-ray. The 
energy of the gamma-ray, computed from the 
Compton electron distribution, is 2.072 Mev. 
Evidence for the other gamma-rays is also shown 
on this curve. Upon finding the high energy 
gamma-ray in the Compton electron distribu- 
tion, a search was made to find a photoelectron 
peak corresponding to it. Such a peak was indeed 
found at 8090 Hp, which gives for the gamma-ray 
energy the value 2.056 Mev. In addition to 
locating some of the lines by use of the Compton 
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TaBLe I. Gamma-rays of Sb. 

















(a) Sb 
Hp Ey (Mev) Remarks 

7660 2.072 Compton electrons 
8090 2.056 K-photo peak 
6900 1.708 K-photo peak 
3387 0.714 K-photo peak 
3148 0.650 K-photo peak 
2980 0.603 K-photo peak 

Sbiz 
2829 0.568 K-photo peak 





(b) Beta-ray spectrum of Sb! 
End-point energy (Mev) Percent abundance 











2.37 21 
1.62 8 
1.00 | 9 
0.65 44 
0.48 18 
(c) Internal conversion line 
Eelect (Mev) Ey (Mev) 
0.580 0.603 








electron distribution, the relative intensities of 
the various gamma-rays were determined by 
integrating under the curves.!” 

The results of the measurements on the en- 
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Fic. 4. Distribution of Compton electrons ejected from a copper radiator by the gamma-rays of Sb™, 


" For a discussion of the method of measuring gamma-rays from a study of the Compton electron distribution see 


K. Siegbahn, Proc. Roy. Soc. A188, 541 (1947). 

















ergy and relative intensities of the gamma-rays 
are shown in Table I and Fig. 7. 


4. MEASUREMENT OF THE BETA-RAY SPECTRUM 


In order to measure the distribution of the 
beta-rays, a source of Sb2S; was spread upon a 
thin aluminum foil. The surface density of the 
beta-ray source was 5.5 mg/cm? and that of the 
backing 1 mg/cm’. The results of this investiga- 
tion are shown in Fig. 5, in which the number of 
counts per min. is plotted against Hp (gauss-cm.). 
It will be seen at once that there is an internal 
conversion line which appears at 3170 Hp. This 
value corresponds to that of electrons ejected 
from the K shell of Te’ by a gamma-ray of 
0.603 Mev. 

A Kurie!® plot was made of these data, in 
which the number of electrons per unit Hp in- 
terval, divided by the distribution function 
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F(Z,n) is plotted against (1+ ?)4. Here 
n = Hp/1700. 


The result is shown in Fig. 6. The spectrum 
is clearly not simple but can be broken up inty 
five groups. The end-point energies and relative 
abundances of these groups are also shown jp 
Table I. The ft values of the groups have beep 
calculated and show that the three higher energy 
groups belong to the second forbidden class, anq’ 
the two lower energy groups are first forbidden, 

The ratio of the number of internal conversion 
electrons in the internal conversion line to the 
total number of disintegration electrons was de. 
termined by integrating under the line and under 
the distribution curve for the electrons and was 
found to be 0.00210. In addition to’ this line, 
Cook and Langer'® have found another internal 
conversion line produced by a gamma-ray of 
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Fic. 5. Beta-ray spectrum of Sb™, 


18F, N. D. Kurie, J. R. Richardson, and H. C. Paxton, Phys. Rev. 48, 167 (1935). 


® C. S. Cook and L. M. Langer, see the other papers in this group. 
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FERMI PLOT OF BETA SPECTRUM OF Sb'?* 














60 


rat 


Fic. 6. Fermi plot of beta-ray spectrum of Sb™, 


energy 0.121 Mev. The best estimate that we 
have been able to make of the disintegration 
scheme appears to show that the 0.603-Mev line 
follows all beta-ray transitions and leads to the 
ground state of Te'*. If this be the case, the ratio 
of the number of internal conversion electrons 


under this line to the total number of disintegra- 
tion electrons is essentially the internal conversion 
coefficient of the 0.603-Mev line. 

Mr. J. R. Pruett has calculated the internal 
conversion coefficients to be expected on the 
basis of electric dipole, electric quadrupole, and 
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Fic. 7. Tentative disintegration scheme for Sb™. 


magnetic dipole radiation, and has found the 
following values: electric dipole, 0.000269; elec- 
tric quadrupole, 0.00623; magnetic dipole, 
0.00213. The experimental value of 0.0021 
agrees quite well with the value calculated for 
magnetic dipole radiation. 

The question arises as to whether a satis- 
factory energy level scheme for the disintegra- 
tion of Sb™ can be determined from the informa- 
tion in Table I. It should be pointed out at once 
that the evidence presented here shows that the 
disintegration scheme is much more complicated 
than that proposed by Meyerhoff and Scharff- 
Goldhaber® based on the results of their coin- 
cidence experiments. The authors do not believe 
that with the techniques employed up to the 
present, coincidence experiments ,alone would 
be sufficient to work out a disintegration scheme 
for this element. 

The data in Table I show six gamma-rays and 
five beta-ray groups. The gamma-ray energies 
are probably known to better than one percent. 
The beta-ray energies, on the other hand, are 


not known to anywhere near this accuracy 
especially the lower energy groups, since theih 
depend on several subtractions in the Kurie 
plot. It is possible that there may be beta-ray 
groups of still lower energy than the lowes 
found here. In addition, it is also possible to misg 
low intensity gamma-rays. For this reason any 
energy level scheme which may be proposed at 
this time is open to considerable doubts and jg 
subject to revision if and when additional jp. 
formation is found. Nevertheless the tentative 
scheme proposed in Fig. 7 fits most of the experi- 
mental data. 

In the first place, this scheme gives a good fit 
as regards the energies given in Table I. The two 
strongest lines in the gamma-ray spectrum are 
those of 0.603 Mev and at 1.708 Mev. The rela- 
tive intensity of these two lines, as determined 
from the Compton distribution curves, js 
T.603/I1.708= 1.45. An estimate of the relative 
intensity can also be obtained from the photo- 
effect data. To do this the Compton electron 
background must be subtracted and the area 
under the lines, plotted as N/Hp vs. Hp, obtained. 
This gives the number of photoelectrons pro- 
duced by each line. The efficiency for production 
of photoelectrons is then obtained using the 
curves of Gray.*° The relative intensity obtained 
by this method is Jo.¢03/J1.708= 1.15. The relative 
intensity to be expected from the scheme of 
Fig. 7 would be Io.603/I1.708™1.5. 

There are two objections to the tentative 
scheme proposed. It would seem that the attempt 
to associate the 2.06-Mev gamma-ray with the 
1.97-Mev level may not be correct, since the 
difference between these two energies is probably 
outside the experimental error. Secondly, one 
does not like to place the 0.121 internally con- 
verted gamma-ray so high up in the energy level 
scheme. 

The authors wish to express their appreciation 
to the Office of Naval Research for their support 
of this work through Contract N6ori-48, Task 
Order I. 


” L. H. Gray, Proc. Camb. Phil. Soc. 27, 103 (1931). 
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Energies of the Beta- and Gamma-Rays from Antimony 
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The radiations from antimony bombarded by slow neutrons have been investigated in a 
large, high resolution, shaped-field magnetic spectrometer. The beta-spectrum of Sb™ (60 d.) 
was measured with a relatively thin source and with a thin window counter. The spectrum is 
found to be complex. By means of the Fermi theory, it is possible to resolve the distribution 
into at least five groups having the following end points and intensities: 2.37 Mev, 21 percent; 
1.50 Mev, 7 percent; 0.98 Mev, 7 percent; 0.68 Mev, 26 percent; 0.50 Mev, 39 percent. 

An internal conversion line was detected corresponding to a gamma-ray of 0.121 Mev. 

Measurements on the Compton and photoelectrons ejected from a thin Pb radiator yield 
additional gamma-ray energies of 0.608, 0.654, 0.732, 1.708, and 2.04 Mev. 

Measurements made while the short period activity was still present indicate that a gamma- 
ray of 0.568 Mev is associated with the 2.8-day activity of Sb™. 





I. INTRODUCTION 


INCE there appeared to be considerable 

disagreement among the results obtained by 
previous measurements for the energies of the 
radiations from Sb'™ (60 d), it was thought 
desirable to reinvestigate the problem with the 
aid of a new, high resolution, shaped-field mag- 
netic spectrometer. A similar investigation was 
undertaken simultaneously and independently 
at this laboratory by Kern, Zaffarano, and 
Mitchell, using a thin magnetic lens. Their 
results are reported in another paper in this 
journal. That paper gives a detailed discussion 
of the background of the problem and refers to 
the pertinent literature. The general agreement 
in the measurements made with these two 
instruments gives additional assurance of the 
accuracy of the results. The apparent complexity 
of the disintegration process in Sb!‘ makes more 
understandable the disagreement among the 
previous results obtained by low resolution 
methods. 


II. EXPERIMENTAL METHOD 


The magnetic spectrometer used for these 
measurements is described in detail elsewhere,' 
and has been used recently for the precise 
determination of the shape of the beta-spectra 
of Cu*? The instrument employs a radially 
inhomogeneous magnetic field in order to obtain 


*L. M. Langer and C. S. Cook, Rev. Sci. Inst. 19, 257 


(1948). 


*C. S. Cook and L. M. Langer, Phys. Rev. 73, 601 
(1948), 
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higher order focusing at 180° from the source. 
The nominal value of the radius of curvature is 
40 cm. When used with a thin source 0.4 cm 
wide, the full width at half-maximum for an 
internal conversion line is 0.5 percent. The in- 
strument is free from spurious scattering effects. 

The source used in these measurements was 
obtained by neutron bombardment of antimony 
metal in the Oak Ridge pile. 

Sources for the measurement of gamma-ray 
energies were prepared by inserting the sample 
in a copper box whose front face was covered by 
a thin Pb radiator 0.4 cm wide by 2.5 cm high 
and 26.3 mg/cm? thick. The thickness of the 
copper walls of the box was chosen so as to 
prevent any nuclear beta-rays from escaping. 
The momentum of the photoelectrons and 
Compton electrons ejected from the Pb by the 
gamma-rays were measured in the spectrometer. 

The source for the measurement of the beta- 
spectrum was prepared by electroplating a thin 
deposit of Sb less than 1 mg/cm? thick onto a 
0.010-in. graphite backing. Distortion of the 
distribution caused by a source and backing of 
such thickness should be negligible for almost 
the entire spectrum. 

For the region below Hp=2500 gauss-cm the 
beta-particles were detected by an end window 
G-M counter having a Zapon lacquer window 
with an electron range of 2.0 kev. For the upper 
end of the spectrum, and for the gamma-ray 
measurements, a mica window counter of 2.83 
mg/cm? was employed. 
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Fic. 1. Compton and photoelectrons ejected from a 26.3-mg/cm? Pb radiator by the gamma-rays of Sb" and Sb. 


The number of counts detected is plotted against the momentum. T 


he data represented by the solid circles were taken 


after a lapse of two days and show the decay of the K and L lines due to the 2.8-day Sb™. 


Relative measurements of magnetic field 
strength were made by means of a flip coil and 
ballistic galvanometer. The absolute calibration 
of the instrument is in terms of the 0.5108-Mev 
radiation from the annihilation of Cu® positrons. 

Whenever possible, the energies of gamma-rays 
are determined from the steep back edge of the 
K lines. Because of the multiplicity of the L 
levels, the back edge of these lines is not so 
clearly defined. 


Ill. RESULTS 


Figure 1 shows the momentum distribution of 
Compton and photoelectrons obtained from the 
Sb source just after it was received from Oak 
Ridge. The number of counts per minute are 
plotted against the momentum. The solid circles 
are for data taken after a lapse of two days and 
clearly identify the K and L lines of a gamma-ray 
of 0.568 Mev with the 2.8-day activity of Sb’. 

Associated with the 60-day Sb™, photo lines 
are shown corresponding to gamma-ray energies 


of 0.608, 0.732, 0.654, and 1.708 Mev. In addi- 
tion, the high energy Compton edge corresponds 
to a gamma-ray of 2.04 Mev. The superposition 
of the K line corresponding to the 0.732-Mev 
gamma-ray and the L line for the 0.654-Mey 
gamma-ray is more clearly shown in Fig. 2. This 
run was taken after the short period activity had 
died out and after chemical separation, particu- 
larly from any possible tin or tellurium impuri- 
ties. Here the K line corresponding to the 0.654 
Mev gamma-ray is clearly resolved. 

Figure 3 shows the distribution of the beta-rays 
of Sb’ obtained with a chemically separated 
source and after all short period activities had 
died out. Here the number of counts, normalized 
by dividing by Hp, is plotted against the mo- 
mentum. From this curve it is obvious that the 
spectrum is complex and consists of at least two 
groups. In addition, a line of conversion electrons 
is observed having an energy of 89 kev. If these 
electrons are from the K level of tellurium, then 
they correspond to an Sb™ gamma-ray of 121 kev. 
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Fic. 2. Compton and photoelectrons ejected from a 
26.3-mg/cm? Pb radiator by the gamma-rays of Sb™. 
The source was chemically separated and all 2.8-day 
activity had died out. 


If one assumes that the Fermi theory correctly 
describes the distribution of the beta-particles 
and if one assumes that on a Kurie plot® the 
component spectra should be straight lines, then 
one can resolve the complex experimental spec- 
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trum into five groups. The results of such an 
analysis are shown in Fig. 4. The maximum 
energies and the relative intensities of the five 
components are also shown. The validity for 
performing such an analysis is somewhat ques- 
tionable in this case, inasmuch as some of the 
groups would belong to the so-called second 
forbidden class and do not necessarily have to 
follow straight line Kurie plots. Because of the 
number of subtractions involved, the values for 
the end-point energies of the inner groups are 
probably not good to better than 5 percent. 

The Fermi plot for the lowest energy group 
does not yield a perfect straight line, but curves 
gently up at low energies. The possibility of a 
sixth low energy group is therefore not excluded. 
It would, however, be meaningless to try to 
resolve such a group by means of this analysis, 
for the following reasons: (a) there are indica- 
tions that the Fermi theory may not be correct 
at low energies ;? (b) the thickness of the source 
and backing may be introducing some distortion ; 
(c) with additional subtractions, the errors multi- 
ply and the statistics become poorer at low 
energies. 


IV. CONCLUSION 


The disintegration of Sb™ has been observed 
to be quite complex. The beta-spectrum consists 
of at least two groups and may very well be 
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*F, N. D, Kurie, J. R. Richardson, and H. C. Paxton, Phys. Rev. 48, 167 (1935). 
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Fic. 4. The complex beta-spectrum of Sb™ resolved into five groups by means of the Fermi theory. 


composed of five or six groups. The energies of 
six gamma-rays accompanying the disintegration 
of Sb™ have been measured. 

An attempt can be made to fit the present 
data into a consistent energy level scheme. It is 
felt, however, that the data are still not suffici- 
ently complete to ensure the uniqueness of such 
a scheme. Additional weak gamma-rays and low 
energy conversion lines may exist which would 
not have been observed in the present investiga- 
tion because of the high resolution employed and 
because of the strength of the source. It is also 


possible that one or more of the gamma-rays 
which have been observed may be associated 
with a K capture process and therefore be 
characteristic of the levels of tin rather than 
those of tellurium. It is probable that only by 
beta-gamma coincidences in a spectrometer could 
one be completely certain of which gamma-ray 
follows which beta-particle group. 

This work was supported by a grant from the 
Frederick Gardner Cottrell Fund of the Research 
Corporation and by the Office of Naval Research 
under Contract N6ori-48, T.O. I. 
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Coincidence Experiments in Antimony 124 


E. T. JURNEY AND ALLAN C. G. MITCHELL 
Physics Department, Indiana University, Bloomington, Indiana 
(Received February 5, 1948) 


The radiations from Sb™ (60 d.) have been measured with the help of coincidence counting 
methods. The beta-ray absorption curve was measured and analyzed .by the method of 
Bleuler and Ziinti. Two groups of electrons were found with end points at 2.24 and 0.51 Mev. 
Gamma-gamma and beta-gamma coincidences were measured. A plot of the number of beta- 
gamma coincidences per recorded beta-particle indicates that the spectrum is complex. Two 
low energy groups were found with end points at 0.75 and 0.47 Mev. 





1. INTRODUCTION 


OINCIDENCE counting techniques have 

been employed on several occasions to study 
the radiations from Sb™ (60 d.). The first 
attempt was made by Mitchell, Langer, and 
McDaniel,! who measured gamma-gamma and 
beta-gamma coincidences in this element. Later 
Meyerhoff and Scharff-Goldhaber,? Wiedenbeck 
and Chu,’ and Scherb and Mandeville,‘ made a 
reinvestigation of Sb and found results some- 
what different from those originally obtained by 
MLM. In order to clear up the differences 
between the earlier work of MLM and that of 
MSG, the authors have repeated some coinci- 
dence experiments in Sb™ as a part of a program 


carried on in this laboratory designed to work 
out in more detail the disintegration scheme of 
Sb™, The other papers, dealing with the deter- 
mination of gamma-ray and beta-ray energies 
will be found in this issue of the Physical Review. 


2. APPARATUS 


An end-window counter, having a window 
thickness of 6 mg/cm? of mica, was used to 
count beta-particles. To improve the efficiency® 
for counting gamma-rays, especially those with 
energy under one Mev, a cylindrical, lead cathode 
counter was used. During the experiment the 
source was situated between the two counters, 
4.5 cm from the window of the beta-ray counter 
and 4.0 cm from the central axis of the gamma- 
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Fic. 1. Block diagram of the coincidence counting apparatus. 





Scherb and C. E. Mandeville, 
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Fic. 2. Absorption of Sb™ beta-rays in aluminum. 


ray counter. This type of arrangement is essen- 
tially that used by other investigators.’~* 

A block diagram of the coincidence amplifier 
is shown in Fig. 1. The bias setting on the final 
discriminator tube can be adjusted for counting 
either coincidental pulses from both counters or 
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Fic. 3. Logarithmic plot of the beta-ray intensity as a 
function of aluminum absorber thickness. 


for counting the individual pulses from a single 
counter. 

The pulses which are applied to the grids of 
the Rossi-type coincidence circuit are formed by 
a ‘“‘one-shot” multivibrator in each channel. This 
procedure insures a constant resolving time, 
independent of pulse height from the counters, 
The resolving time was determined from the 
usual relation 

Nn= 2nd, 


which gives the rate of chance coincidences as a 
function of individual counting rates in two 
counters which are counting particles from inde- 
pendent sources when the circuit resolving time 
is ¢. The resolving time was found to remain 
constant at 4.5 microseconds over a period of 
about three months. 


3. RESULTS 


Using the thin window counter and a thin 
source (under 10 mg/cm?) mounted on Scotch 
tape, an absorption curve was run on the beta- 
rays. Figure 2 shows the usual method of 
plotting absorption curves, in which the number 
of counts per min. is plotted against the thickness 
of absorber. The “inspection’’ end point appears 
to be at 0.86 g/cm? corresponding to a range of 
1.86 Mev. This value is much lower than the 
end points determined with the help of beta-ray 
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spectrographs,* but is somewhat higher than 
that determined originally by MLM or that 
obtained later by Scherb and Mandeville. 

If one makes an analysis of these data by the 
method of Bleuler and Ziinti,’? the beta-ray 
spectrum can be resolved into two groups with 
end points at 2.24 Mev and 0.51 Mev. Figure 3 
shows the data plotted with logR as ordinate 
(R=number of counts/min.) against the thick- 
ness of aluminum as abscissa. The circles show 
the experimental points. After the gamma-ray 
background is subtracted, the remaining curve 
can be broken down into two components. The 
relative abundance of the two groups is approxi- 
mately equal, with the lower energy group 
showing a slightly higher abundance. Actually, 
the beta-ray spectrum consists of five groups,® 
with energies at 2.37, 1.62, 1.00, 0.65, and 0.48 
Mev. The three higher energy groups comprise 
about 35 percent of the total intensity and the 
two lower energy groups about 65 percent. The 
end point for the lower energy component as 
obtained from’ the Bleuler and Ziinti analysis 
probably represents the two high intensity, low 
energy groups. The fact that the “inspection” 
end point is much too low is clearly caused by 
the low intensity of the high energy groups. 

Coincidence experiments were carried out in 
the usual way using, however, the lead lined 
counter as the gamma-ray counter and the thin 
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Fic. 4. Number of beta- x 10> 
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window counter as the beta-ray counter. The 
gamma-gamma coincidence rate was obtained 
by placing an aluminum absorber 0.45 cm thick 
between the source and the beta-ray counter. 
This thickness is sufficient to stop all beta- 
particles. After corrections for cosmic-ray and 
chance coincidences, the gamma-gamma coinci- 
dence rate was determined. This rate can be 
referred either to the counting rate in the gamma- 
ray counter or to the gamma-ray counting rate 
in the beta-ray counter; that is, in the lead 
lined counter or the end window counter. The 
values were found to be (N,,/Ny) gamma =0.29 
+0.017X10-* = and = (Nyy/Ny)veta =0.87 40.05 
X10-*. Since the lead lined counter is more 
efficient for counting gamma-rays, the single 
count in this counter for a given source strength 
is higher than that in the end-window type, 
which accounts for the difference in the observed 
N,,/N, ratio. Naturally, the values of these 
ratios should not agree with any values found in 
previous experiments in which different types of 
counters were used. Since the efficiency of 
neither the lead lined nor the end-window type 
counter has been measured, the ratios N,,/N, 
will not be used in the calculation. 

The number of beta-gamma coincidences was 
next investigated. To this end, the absorber 
thickness between the source and the end-window 
counter was varied, and the number of beta- 
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gamma coincidences determined. Figure 4 shows 
a plot of R= Nz,/Ng, the number of beta-gamma 
coincidences per recorded beta-particle as a 
function of the absorber thickness. From this 
graph it will be seen that, beyond a thickness of 
0.12 cm Al (the range corresponding to beta-rays 
of 0.75-Mev energy) the curve is parallel to the 
axis. Below 0.12 cm the curve rises and there is 
an additional sharp break at 0.05 cm of alumi- 
num, corresponding to a beta-particle energy of 
0.47 Mev. 

One would infer from Fig. 4 that there are at 
least three groups-of electrons and that there are 
more gamma-rays associated with the lower 
energy groups than with the high energy ones. 
These experiments are in good agreement with 
the tentative energy level scheme which has been 
proposed as a result of the investigation of the 
beta- and gamma-ray spectrum in the magnetic 
lens.* One of the high intensity groups as pro- 
posed by these authors has an end point of 
0.65 Mev. The first break in the Ng,/Ng curve 
comes at 0.75 Mev which is in reasonable agree- 
ment with the magnetic lens data. In addition, 


8 See preceding paper by Kern, Zaffarano, and Mitchell. 


another group appears at 0.47 Mev, which i. 
just at the position of the second break jn the 
coincidence curve. Since the high energy part of 
the beta-ray spectrum, beyond 1 Mey contains 
very few electrons, it is difficult to m 
coincidences in the neighborhood of the eng 
point, 2.37 Mev. It cannot, therefore, be def. 
nitely inferred from these experiments that the 
highest energy group does or does not lead to 
the ground state of Te™. 

The work reported in this paper is essentially 
in agreement with that of MSG, with the excep- 
tion that an additional low energy group has 
been found here. The work of MLM failed to 
detect any low energy groups, probably because 
the counters used at that time had walls which 
were too thick to transmit those groups. In 
conclusion, the authors would like to point out 
that, for an element with a decay scheme as 
complicated as that of Sb™, it is not possible 
to work out a detailed disintegration scheme on 
the basis of coincidence experiments alone. 

The authors wish to express their appreciation 
to the Office of Naval Research for their support 
of this work through Contract N6ori-48. 
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X-Ray Yield Curves for y—n Reactions 


G. C. BaLpwin anv G. S. KLarBer* 
General Electric Company, Schenectady, New York 


(Received February 5, 1948) 


Yield curves for the reactions C"(y,2)C" and 
Cu®(y,n)Cu® have been taken with x-rays up to 100 Mev. 
The induced radioactivity at each energy is plotted per 
unit x-ray intensity as measured by a r-meter thimble 
jacketed by } in. of Pb. Both yield curves are similar to 
the photo-fission yield curves, the x-ray yield increasing to 
a maximum and then slowly decreasing as the x-ray energy 
is increased. With simple assumptions regarding the 
generation of ionizing secondaries in the Pb walls of the 
monitor and assumption of a constant intensity x-ray 
spectrum, these curves can be analyzed. The relative 


1, INTRODUCTION 


NVESTIGATIONS which can be made with 
high energy quanta include measurements of 


* Now at the University of Buffalo, Buffalo, New York. 


cross section is found to have a maximum at approximately 
22 Mev for Cu® and 30 Mev for C", decreasing to negligible 
values at high quantum energies. This decrease in cross 
section can be attributed to competition from multiple 
disintegrations. These reactions provide detectors sensitive 
only to part of the x-ray spectrum. Absorption curves 
have been taken in Pb using uranium photo-fission and in 
Cu and Pb using the Cu"(y,”)Cu® reaction as detectors. 
The resulting absorption coefficients compare favorably 
with theoretical values. 


cross section for photo-nuclear processes as a 
function of the energy of the absorbed quantum. 
In studying such processes with continuous 
x-rays generated by an electron accelerator, one 
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Fic. 1. Theoretical thin target bremsstrahlung spectra. 


irradiates specimens of the substance concerned 
together with some sort of monitor at different 
x-ray energies, and obtains a “yield curve’’ in 


Ox | ROENTGENS IN f Pe 


FOR SPECTRUM 
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Fic. 2. Calculated sensitivity 
to the x-ray spectra of Fig. 1b 
of the monitor employed in these 
experiments. 
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which the ratio of the yield of the process in 
question to the yield of the monitoring process 
is plotted against the x-ray energy; i.e., the 
maximum energy in the x-ray spectrum. To 
interpret such data, one must know the spectrum 
of the radiation and the response of the moni- 
toring process to this spectrum at different x-ray 
energies.! 

The curves in Fig. la are theoretical thin- 
target x-ray spectra given by the theory of 
bremsstrahlung.? The ordinates are relative 
numbers of quanta per unit energy interval, 
normalized to coincide at 10 Mev. The curves in 


Fig. 1b represent the distribution of quanta in 


“rectangular”’ spectra having equal intensity in 
every energy interval, the approximation used in 
cascade theory; even at thése energies it will be 
seen by comparison with Fig. 1a that it is a good 
approximation. It will be noted that, were 
irradiations at various x-ray energies E so 
adjusted that all the respective spectra were 
normalized as in the figure, the difference 
between effects observed for neighboring values 
of ‘E would be very nearly caused only by the 
action of those quanta whose energies, y, lie 
between these values of E. To obtain the cross 
section as a function of y from the yield curve, 
one differentiates the yield curve and divides it 


-by the envelope of the spectrum curves. 


In practice one cannot, of course, insure that 
the condition of normalization is satisfied. 
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1G. C. Baldwin and G. S. Klaiber, Phys. Rev. 71, 3 (1947). 
2B. Rossi and K. Greisen, Rev. Mod. Phys. 13, 254 (1941). 
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Fic. 3. X-ray yield of Cu, 
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Instead a monitor is employed. A Victoreen 
thimble r-meter surrounded by }-in. Pb forms a 
convenient if not perfect monitor. A more 
accurate monitor has been recently proposed but 
has not been tested experimentally. The re- 
sponse of the former monitor to the approximate 
spectra of Fig. 1b as a function of E has been 
calculated,! assuming it to be due to ionization by 
electron secondaries generated: by pair produc- 
tion, scattering and photo-effect, proceeding 
mainly in the forward direction and not generat- 
ing an appreciable number of cascade processes 
in the $-in. Pb wall of the monitor. This response 
is shown in Fig. 2. If the experimentally obtained 
Yeuo. 
1000} 
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yield curve is multiplied by the monitor response 
curve, r(Z), the product is the yield curve for a 
normalized family of spectra, and can be 
analyzed by differentiation and division by the 
spectrum envelope, 1/7, as explained above. 


We have previously reported measurements of. 


the x-ray yields of fission of uranium and 
thorium, which indicated that the photo-fission 
cross section rises to a maximum at approxi: 
mately 16 Mev, decreasing at higher energies 
to become negligibly small above 30 Mev. This 
effect was ascribed to the competition of other 
types of photo-disintegration‘* that can occur at 
higher energies. It has seemed worthwhile to 


Fic. 4. X-ray yield of Cu®. 
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§ M. Lax, Phys. Rev. 72, 61 (1947). 


*G. C. Baldwin and G. S. Klaiber, Phys. Rev. 70, 259 (1946). 
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Fic. 6. Product of the curves of 
Figs. 2 and 4. 
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extend these measurements to other processes. 
It was also desired to obtain confirmatory evi- 
dence to support the validity of the method of 
analysis used and conclusions reached. 


2. (y,n) YIELD MEASUREMENTS 


The reactions investigated were C(y,n)C™ 
and Cu®(y,2)Cu®. The carbon samples were 
polythene sheets, 2 in. square by 0.03 in. thick; 
the copper foils 2 in. square by 0.003 in. thick. 
A special clamp held each sample for irradiation 
at a reproducible position 67 in. from the target 
in the center of the x-ray beam from the 100-Mev 
betatron, the lead-jacketed r-meter thimble being 
clamped immediately behind the sample. Decay 
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curves were first taken which established that no 
activity other than C" or Cu® gave appreciable 
contribution to the measured activity for the 
irradiation time of 20 minutes. The samples were 
then irradiated at various x-ray energies, trans- 
ferred to a G-M counter and counted in a 
standard position for two half-lives. Corrections 
were made for background and for losses at fast 
rates of counting, the latter taking account of the 
fourfold variation in counting rate over the 
measurement period. The resulting yield curves 
for C" and Cu® are shown in Figs. 3 and 4. The 
ordinates are ratios of the saturation initial 
activity in counts per minute per gram of sample 
to the number of roentgens per minute registered 
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by the monitor. Both curves show the same 
behavior as the x-ray yield for photo-fission—a 
steep rise from threshold to a maximum, followed 
by a gradual decrease in yield at higher x-ray 
energies. The maxima occur at 40 Mev for 
C2(y,n) and at 24 Mev for Cu(y,”). The 
maximum x-ray yield for U(y,f) was at 18 Mev, 
for Th(y,f) at 20 Mev." 

The respective yield curves for production by a 
normalized family of spectra, obtained by multi- 
plying each yield curve by the function in Fig. 2 
are shown in Figs. 5 and 6. From these as in the 
case of fission, it is apparent that the decreasing 
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x-ray yield at energies above that corresponding 
to the maximum is in both cases probably due to 
rising sensitivity of the monitor and that quanta 
of high energies do not induce the reaction.$ 

The approximate cross sections, shown in Fig, 
7 and Fig. 8, have maxima near 30 Mev for C4. 
22 Mev for Cu®. 

This behavior of the (7,7) cross section is to be 
expected as a result of the competition of mul- 
tiple disintegration processes once these become 
energetically possible. In Table I are given 
several photo-nuclear reactions on C” together 
with their thresholds calculated from mass and 
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probably indicates that the true monitor sensitivity rises 


an the function in Fig. 2. This is probably owing to cascade processes in the lead 
the monitor, neglected in the calculation; the error is not serious. 
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beta-decay energies. It is evident that above 27 
Mev many alternative disintegration processes 
can compete with the single-neutron process. The 
latter, involving a relatively improbable concen- 
tration of the entire excitation energy on a single 
particle or on the latter and a gamma-ray, will 
be relatively rare. 

That “‘star”’ processes, similar to the last entry 
of Table I, occur at fairly low photon energies 
is evidenced by the star shown in Fig. 9 produced 
in a 12-in. air-filled cloud chamber with 100-Mev 
x-rays. This may be a carbon disintegration of 
this type, but it is believed more likely that it is 


Fic. 9. Tracks of a nu- 
clear evaporation photo- 
graphed in a 12-in. air- 
filled cloud chamber; the 
analysis is given in Table 
II. The x-ray beam enters 
from below in the direct 
(lower) image. 
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TABLE I. Photo-nuclear thresholds for C". 











Reaction Threshold (Mev) 
C#(y,p) BU 15.9 
re AT 18.6 
C%(-y,2p) Be! 27.0 
rea ih 38 ra 27.2 
C2(-y,2n)C° 32.3 
C'2(-y,2pn)Be® 33.6 
7 
C%+2a+2p+2n 35.4 








a disintegration of N' into three alphas, a 
proton, and a neutron. On this assumption the 
data of Table II are deduced from measurements 
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TABLE II. Analysis of the “star” of Fig. 9. Reaction: 7N'*+7—>1H'+3 sHet+on'. 
a 
Particle 1H! 2He* 2Het eHe* 
Data Hp =4.3X 105 R=2.35 cm. R=1.25 cm. R=1.35 cm. ws 
Energy, Mev 9.4 3.8 2.4 2.5 23 
Angle to beam 96° 82° 75° 68° 145° 
Azimuth 262° 76° 76° 248° 260° 
Eh — 
Calculated threshold =20 Mev 


Total kinetic energy of products=21 Mev 


Energy of incident quantum 


=41 Mev 








of range or curvature and directions of emission. 
All of the particles are of low energy, the 40-Mev 
excitation dividing about equally between bind- 
ing energy and kinetic energy. 

The conclusion that the (y,”) cross sections 
become small at high energies is consistent with 
the observations of Perlman and Friedlander on 
relative yields at 50 and 100 Mev of several (y,m) 
reactions.® 


3. ABSORPTION MEASUREMENTS 


Additional support for this conclusion is found 
when the absorption of quanta is measured using 
the photo-nuclear reaction as a detection process. 

In Fig. 10 is shown an absorption curve in 
which the detection process is uranium photo- 
fission. The ionization chamber! was placed in the 
100-Mev x-ray beam and fission counts taken 
with the beam passing through absorbing slabs 
of lead to reach the chamber. The activity 
induced in a Cu foil ahead of the Pb was used to 
monitor each run. The exponentials drawn for 
comparison have slopes corresponding to theo- 
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Fic. 10. Absorption of fission-producing component 
of 100-Mev x-rays. 


a 947) L. Perlman and G, Friedlander, Phys. Rev. 72, 1272 


retical absorption coefficients in Pb for quanta 
of the energies indicated.’ 

Figures 11 and 12 present absorption curyes 
taken in Cu and Pb, respectively, with 100-Mey 
x-rays using the Cu®*(y,z)Cu®™ reaction as de. 
tector. A pair of Cu foils, 2 in. square by 0.003 in, 
thick were placed, one just ahead of a 4-in. x 4-jn. 
X10-in. block of the absorbing material and the 
other at a variable depth, x, in the block. These 
‘were irradiated simultaneously, then trans. 
ferred to G-M counters. Each foil’s activity was 
counted for a standard period of one half-life, 
then the samples were interchanged and the 
count repeated. From ratios of the three possible 
products by pairs of the recorded counts was 
obtained the ratio of sample activities, ratio of 
counter efficiencies, and ratio of average activity 
of either sample in the first to that in the second 
counting period. The latter two data, being con- 
stants, provided checks on each run to insure 
against mistakes or other errors.* 
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Fic. 11. Absorption in copper of that component of 100- 
Mev x-radiation which produces the reaction Cu®*—~Cu®, 


7W. Heitler, The Quantum Theory of Radiation (Oxford 
ew Press, New York, 1944), second edition, Chapter 


8 It will be noted from Fig. 12 that deep in the absorber 
a constarit background is present, arising ome the reaction 
Cu**(n,2n)Cu® induced by photo-neutrons in the Pb 
absorbing block. Since this background is less than 0.1 
percent of the Cu® activity observed at the surface of the 
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Fic. 12. Absorption in lead of that component of 100-Mev 
x-radiation which produces the reaction Cu®—>Cu®, 
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The results are summarized in Fig. 12, which 
gives the absorption coefficient as a function of 
depth in the absorbing block, together with 
theoretical absorption coefficients for radiation 
of various energies.’ The experimental curves are, 
of course, not exponential because: 

1. Cascade shower processes build up quanta 
in the lower energy region of the spectrum. 

2. Compton scattering processes in which the 
energy of the scattered photon remains above 
the Cu® threshold do not appear as absorption, 
and, in fact, may appear as a generation of 
quanta to a detector sensitive only to the lower 
energy portion of the x-ray spectrum. This effect 
becomes less important as the spectrum is 
degraded by passing through increasing thick- 
nesses of absorber. 


absorber, it is legitimate to consider the Cu® yield in 
Fig. 4 to be induced by quanta alone. That this is also true 
of the photo-fission yields reported in reference 1 is 
indicated by observations that the fission yield is unaf- 
fected by changing the surrounding material from alu- 
minum and brass to graphite and polystyrene, that the 
fission yield is proportional to the thickness for small 
thicknesses of the uranium target, that the fission-pro- 
ducing radiation is confined to a beam of 3° half-angle 
coaxial with the x-ray beam and is absorbed like gamma- 
radiation (Fig. 10). 
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Fic. 13. Summary of absorption data of Figs. 11 and 12. 
Theoretical absorption coefficients of Cu and Pb are also 
given for various quantum energies in Mev. 


3. The detecting process does not respond 
only to a single quantum energy but to a band 
of energies, within which the absorption coef- 
ficient varies by an appreciable extent. 

Asymptotically, however, the absorption curve 
should approach an exponential of slope cor- 
responding to the most penetrating component 
within the energy region in which the detector 
responds. It will be evident from Fig. 12 that 
this limiting value of the absorption coefficient 
compares favorably with that expected theo- 
retically for quanta in the energy region where, 
according to the analysis of the ‘x-ray yield 
curves, the detecting reaction has an appreciable 
cross section. 
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The vibration-rotation bands vz and v; in the heavy water vapor (DO) spectrum have 
been remeasured. An analysis of the rotational structure has been carried out. From the 
interpretation of the data the values of the normal frequencies have been determined as well 
as the values of the reciprocals of inertia effective in these two vibration states. The frequency 
v2 is found to be 1178.30 cm, and the frequency »3, 2787.23 cm~. For the state v2 the effective 
reciprocals of inertia are A(V)=16.60 cm™, B(V)=7.35 cm™, C(V)=4.84 cm™~. For the 
state v3, A(V)=14.88 cm™, B(V)=7.24 cm, C(V)=4.84 cm™. 





I. INTRODUCTION 


HE vibration-rotation spectrum of water 

vapor has probably been studied more 
extensively than that of any other molecule. 
The fine structure is quite extensive since the 
moments of inertia are small and the rotational 
energies large. The rotational structure is, more- 
over, quite irregular since no two moments of 
inertia of the molecule are equal and thus the 
molecule is an asymmetric rotator. The spectrum 
of heavy water vapor is equally as extensive as 
that of ordinary water vapor. The band centers 
of the vibration-rotation bands occur at some- 
what lower frequencies than the corresponding 
water vapor bands, however, because the reduced 
masses of the molecule are increased by the 
substitution of deuterium for hydrogen. 

The far infra-red spectrum of heavy water 
vapor (D.,O), corresponding to transitions be- 
tween the rotational energy levels only, has been 
measured by Fuson, Randall and Dennison! and 
term values have been assigned. Two of the 
fundamental vibration-rotation bands, v2 and 3, 
have been measured by Barker and Sleator.? 
Their resolution of the lines was not good enough 
to enable them to make any analysis of the 
rotational structure beyond the identification of 
a few lines in the band v2. The third fundamental 
vibration band, »;, has been observed by Bender® 
as a Raman line. 

The incompletely resolved band v2 as given by 
Barker and Sleator has recently been interpreted 


1N. Fuson, H. M. Randall, and D. M. Dennison, Phys. 
Rev. 56, 982 (1939). 
( O38). Barker and W. W. Sleator, J. Chem. Phys. 3, 660 
1 ; 
3D. Bender, Phys. Rev. 47, 252 (1935). 


1164 


by King,‘ who has used a punch card system to 
obtain the band contour which most resembles 
that obtained experimentally. From the mogt 
satisfactory fit he has obtained values for the 
moments of inertia. 

The potential constants of H:O have been 
evaluated by Bonner’ from the observed fre. 
quencies and from the dimensions for the mole. 
cule given by Mecke.* Using this information, 
Bonner has predicted the fundamental vibration 
frequencies of D,O. More recently Darling and 
Dennison,’ using more complete data, have 
evaluated the normal frequencies of H;0O and 
D,O together with values for the moments of 
inertia of the molecule in many of the vibrational 
states. The recent measurements by Nielsen*! 
corroborate essentially the values given by them. 


II. EXPERIMENTAL 


The absorption spectrum of heavy water vapor 
was examined with a prism grating spectrometer. 
The absorption cell which contained the D,0 
vapor was 2.54 cm in diameter and 8 cm long. 
Built onto one side of the cell, and connecting to 
it, was a small reservoir which contained a 
sample of liquid D,O. The windows of the cell 
were silver chloride. By using this material for 
the windows there were no etching effects on 
them due to the heavy water vapor. The windows 
were sealed onto the cell with red glytal. 


4G. W. King, J. Chem. Phys. 15, 85 (1947). 

5L. G. Bonner, Phys. Rev. 46, 458 tts 

®R. Mecke, Zeits. f. Physik 81, 313 (1933). 
( 7 a) T. Darling and D. M. Dennison, Phys. Rev. 55, 128 
1940). 

8H. H. Nielsen, Phys. Rev. 59, 565 (1941). 

°H. H. Nielsen, Phys. Rev. 62, 422 (1942). 
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Fic. 1. Absorption band v2 for D,O. 
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Fic. 2. Absorption band v2 for D2O. 
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The sample of heavy water used was obtained 
from the Stuart Oxygen Company and contained 
a minimum of 99.9 percent D,O. The sample 
was introduced into the reservoir of the cell 
through a stopcock and then frozen by im- 
mersing the reservoir in liquid air. The cell was 
then evacuated and the stopcock closed. When 
the reservoir was removed from the liquid air, 
the heavy water melted, and heavy water vapor 
filled the cell. To prevent the vapor from con- 
densing on the windows, and a resulting loss in 
the amount of transmitted energy, the windows 
of the cell were kept slightly warmer than the 
rest of the cell. 

The gratings used for these measurements were 
replicas made by R. W. Wood. The one used in 
measuring the band v2 was a grating ruled with 
3600 lines per inch. The one used in measuring 
the band v3 was ruled with 7200 lines per inch. 
The grating constants were determined by ob- 
serving lines of the mercury spectrum in high 
orders. The position of the lines in wave numbers 
were reduced to their values in vacuum, and 
thus the corrected wave numbers are strictly 
proportional to the oscillation frequencies, the 
more fundamental figure, since these are not 
changed when the medium is changed. 

The fundamental vibration-rotation band v2 
was observed in the region between 1125 cm= 
and 1300 cm with the effective slit width of 
the spectrometer set to 0.35 cm~. Readings of 
the transmitted energy were made and recorded 
for every five seconds of arc of the grating circle. 
The results of the measurements may be seen by 
referring to the upper curves of Figs. 1 and 2. 
The numbers appearing over the various lines 
are arbitrary numbers assigned to them. These 

numbers are useful in quickly picking out any 
one line. Frequencies in wave numbers, corrected 
to vacuum, for the lines are given in Table I. 

The fundamental vibration-rotation band vp; 
was observed in the region between 2650 cm= 
and 2900 cm~. The effective slit width was 
0.35 cm~, and readings of the transmitted energy 
were made and recorded for every five seconds 
of arc of the grating circle. The results of these 
measurements may be seen by referring to the 
upper curves of Fig. 3. Frequencies in wave 
numbers, corrected to vacuum, for these lines 
are given in Table II. 
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After these measurements were taken and an 
analysis of the bands carried out, the automatic 
recording vacuum spectrometer described by 


TABLE I. Frequency positions and identifications of heavy 
water vapor lines in v:. 











Line Obs. »(vac) Line Obs. »(vac) 
No. (cm~) Transition No. (cm~) Transition 
1 1128.66 53 1218.58 3o—3_2 
2 1128.89 4.—4, 54 1218.91 44-3. 
3 1130.14 55 1221.46 
4 1131.43 3_3—4_s 56 1223.85 
54-5 2 57 1225.08 
66—6_4 58 1225.95 4.3—3_; 
5 1133.78 5_2—So 59 1227.54 
6 1135.41 4_,—4_; 60 1228.50 52-54 
4_,;—5_3- 64-66 
7 1136.27 61 1230.23 5_s—4 3 
8 1136.54 30—3:2 62 1231.16 $-3—5 4 
9 1138.78 3_2—4_4 63 1232.30 
31-33 64 1233.44 33-3; 
4.3;—4_) 65 1234.12 21-1, 
10 1139.72 2-2—3-2 4:—4 
11 1141.10 49—42 S$.4—4.4 
12 1142.63 5_5—5_3 66 1235.52 32—3o 
13 1143.71 3_2—30 67 1236.97 22—1o 
14 1144.31 68 1238.45 6.3—6_5 
15 1144.69 69 1239.02 4,—4.1 
16 1146.27 70 1240.65 66—5 4 
17 1147.54 6_2—60 71 1242.68 6.5—5-s 
18 1148.07 2.1-21 72 1243.46 
19 1148.42 liau—2.1 73 1243.98 30—20 
20 1149.09 74 1247.24 
21 1151.26 2-1—3 3 75 1249.64 
22 1151.74 30—4 2 76 1250.46 7_1—6_5 
6_4—6 2 77 1251.47 7-17-66 
23 1152.22 4_4—4_2 78 1252.39 4.:—3_., 
24 1154.94 20-22 79 1253.45 31-21 
25 1155.65 5-3-5. 80 1258.06 
26 1156.80 341-3; 81 1259.98 8.s—7 6 
27 1157.16 4_2—4, 8_7—7_1 
28 1158.10 Oo—1o 82 1261.90 4,—42 
29 1159.91 33-3 1 4,—4, 
30 1163.95 19—2_2 83 1266.09 
31 1164.94 2-3—25 &4 1266.73 
32 1165.89 85 1268.40 
33 1167.10 86 1269.27 99-8 1 
34 1167.80 14-1, 9..—8_s 
35 1168.80 87 1270.00 
36 1174.56 88 1271.64 32—2: 
37 1184.74 33-2, 
38 1187.04 89 1273.29 4o—3_2 
39 1190.29 1,;—-1., 90 1278.13 10_i19—9_s 
40 1193.28 20—2 2 10_,—9_+» 
41 1194.06 2-s—1 6 91 1280.31 
42 1198.53 31—3_3 92 1281.00 
43 1199.80 1p—0o 93 1282.63 
44 1206.41 33-21 94 1283.20 
31-34 95 1285.21 4,—3_; 
42-4, 96 1287.14 
45—4_2 97 1288.27 42—3, 
45 1207.93 22—20 98 1288.92 
46 1209.38 21-121 99 1290.57 
47 1211.36 4.2—3p5 100 1292.52 
48 1212.21 101 1294,19 
49 1213.26 6-2—6_,4 | 102 1295.81 
50 1214.73 2:—2_; | 103 1296.58 
51 1216.57 104 1297.78 
52 1217.84 3.s—2 
5_3—5 5 























1168 








59 
62 63 
6) 
60 


56 


55 


49 so % 


a7 48 


45 


F. P. DICKEY AND H. H. NIELSEN 


Bs 
S 


_—— 


2900 


| 
2850 








2800 

















43 





- 

< 

——_} 

aq) 

—— 
$u0429/j9Q Ayrsuajul 
JIWOUDAOO BAI DI9Y 

















$u029/j20 
Jaja@WOUDA|OO 





Ayisuaju; 
BAN OIA 








2750 


2700 





Fic. 3. Absorption band »s3 for D2O. 
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TasLe II. Frequency positions and identifications of 
heavy water vapor lines in v3. 











’ - Lin Obs. »(vac 
- a Ss Transition No. (cm 9 , Transition 
1 2663.78 29 2733.40 3.1—4 2 
2 2666.96 31—4o0 
3 2668.80 33-41 
4 2669.85 33—42 
5 2672.10 44-55 
6 2676.33 43-54 
7 2677.78 30 4 =©2734.48 
8 2679.44 2734.71 
9 2680.47 31 2737.32 30-41 
10 2684.32 32 2742.35 3_3—44 
11 2686.50 33 2743.67 3_2—4_3 
12 2688.60 34 2747.30 20-31 
13. 2689.75 60-71 22—-2-1 
14 2692.26 6 _2—7-s -3—3o 
15 2696.15 50—6-1 35 2748.90 21—3o 
61—7-2 36 2752.82 2-2—3_3 
16 2700.69 5.1—6 2 37 =. 2754.26 21-3 
54—63 38 2760.36 1,;—29 
5s—64 39 2762.81 4_3—4_, 
2701.33 51—60 2763.79 1_.;—2_: 
64-7 5 40 2765.38 1o—2_, 
2701.96 41 2768.74 65—6¢ 
2702.49 2769.30 66—6s 
17. 2704.82 52—61 42 2772.11 32-31 
53—6 43 2774.70 
18 2705.88 53-64 2775.15 Oo— 1.1 
63-74 Sa—Ss 
19 2708.65 55—5« 
20 2710.89 5_2—6 3 63—6, 
21. 2712.28 6 -6—7 1 64—63 
6-5—5 4 2776.27 © 
22 ~=2713.99 44 2779.21 21-20 
23 =: 2717.41 4,—52 4_1—4o 
44-5; 4:—44 
24 2719.77 4.2—5 3 4,—4; 
49-51 S2:—5s3 
42-5; 53—Ss 
25 2720.95 4.2—5 s 6:—62 
4,—S; 62—61 
26 2722.56 5.s—6 45 2782.50 
5_4—6_s 2782.95 30-31 
27. = 2725.48 1.1—23 32-33 
4.:—S_s 33—32 
28 = =2730.25 4,:—4, 
4,—4, 








Bell, Noble, and Nielsen!® became available at 
the laboratory, and as a matter of interest, the 
bands were remeasured on this instrument. The 
results of these measurements of the band v2 are 
shown in Fig. 4. It should be noted that the gain 
was increased on the high frequency side of the 
band. The measurements of the band »; are 
shown in Fig. 5. Here the gain was reduced over 
the region occupied by the strong central lines 
of the Q branch, that is lines 42 to 50, and was 
somewhat different over the region occupied by 
lines 51 to 79. A section of the automatic 


” E. E. Bell, R. H. Noble, and H. H. Nielsen, Rev. Sci. 
Inst. 18, 48 (1947), 
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TABLE II.—Continued. 











Line Obs. »(vac) Line Obs. »( vac) 
No. (cm-!) Transition No. (cm~') Transition 
46 2784.77 lo—1; 66 2839.90 55-44 
21-22 2840.80 5_3—4.1 
23-21 51-42 
47 2787.62 31-30 52—4s 
48 2789.44 11—1o 53-4, 
49 2791.27 4o—4.1 67 2844.00 5$.3—4 2 
50 2794.30 20-21 68 2845.15 5_1—40 
51 2797.57 69 2847.90 6.s—7 
52 2799.63 1_1;—05 6-6-5 
53 2800.90 31-33 2849.34 
54 2802.52 70 2850.66 
55 2808.53 2-1—lo 71 2853.07 
4.,—4_; 72 2854.26 6:—5: 
56 2811.09 2-2-1. 62—5s3 
57 2813.41 2o-1i 73 2856.44 6-3—5 2 
58 2819.13 3-2-2 1 ' 61—So 
59 2821.36 3_3—2_s 60-5: 
30-21 74 2859.34 64-5 
60 2823.24 21—2 2 75 2861.40 31—2 
31-2: 76 2864.06 6-2-5 1 
61 2826.16 31-20 77 2865.29 
62 2828.89 4_3—3_+ 2865.88 
4.:—4., 2866.74 
63 2830.89 2867.96 
2831.13 4.4—3_s 78 2872.95 
2831.91 4:—32 ; 2874.18 
So—41 79 2876.02 
2832.19 4.—4; 80 2877.79 
2832.77 F8i 2882.90 
2832.90 4_1—3o 82 2884.01 
64 2836.93 42-31 83 2886.85 
65 2838.36 40-31 84 2891.43 
Ss—4_s | F85 2893.54 
86 2896.25 
87 2899.77 











recorded spectrum tracing may be seen in Fig. 6. 
This includes the region from the center of the 
band 2 to line 67. 


III. IDENTIFICATION OF THE OBSERVED LINES 


The identification of the lines measured in the 
two bands was made by following the method 
used by Nielsen*® in identifying the lines in the 
spectrum of water vapor. Each line in one of the 
bands », is due to the molecules making a 
transition from a rotation level in the normal 
vibration state to a rotation level in the vibration 
state v;, and the frequency of such a line will be 
the difference between a term value in », and one 
in the normal state. The selection rules governing 
what transitions may take place have been 
given by Dennison." 

Term values for the normal state have been 
determined experimentally by Fuson, Randall 


4D. M. Dennison, Rev, Mod. Phys. 3, 280 (1931). 
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Fic. 4. v: for DzO measured with automatic recording spectrometer. 
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Fic. 5. vs for D2O measured with automatic recording spectrometer. 


and Dennison.' Term values for the state » will 
be the sum of the vibrational energy plus the 
rotational energy. Shaffer and Nielsen” have 
given the following expression for the rotational 
energies of the non-linear triatomic molecule: 


E(V,J,r) = J(J+1)3}(A(V)+B(V)) 
ta-S(I+1) pte, (1) 


where p; and p2 are constants; A(V), B(V), and 
C(V) are the reciprocals of inertia; Vi, Vz and 
V; are the vibrational quantum numbers, J js 
the quantum number of total angular momen. 
tum, and ¢, is one of the 2J+1 roots of the 
secular determinant which is used to diagonalize 
the rotational part of the Hamiltonian. Nielsen! 
has expanded this determinant for all values of 
J up through J=6, and given the algebraic 
relations for ¢,. Constants which occur in (t) 
may be evaluated by first identifying, by trial 
and error, enough lines in the spectrum of », to 
enable the determination of the term values for 
J=0, J=1, and J=2. When these term values 
are known, enough relationships of (1) will be 
available to permit an evaluation of the con- 
stants for the state », For example, if a line is 
identified as being due to the transition 1;—1_,, 
then the term value for 1, in the state », will be 
equal to the frequency of the line plus the term 
value for 1_; in the normal state. The correctness 
of these term values may be checked by using 
them, together with the term values in the 
normal state and the selection rules, to see if 
lines which would occur from such values are 
actually found in the measured spectrum. 

Once the constants of (1) are known, rotational 
energies and then term values for J=3 may be 
calculated. These term values will give rise to 
additional spectral lines. A check is then made 
of the measured spectrum to see if such lines 
occur. Once these lines are located in the meas- 
ured spectrum new term values for J=3 may be 
determined from the experimental data. The 
new term values may be used to improve the 
values of the constants of (1). The process is 
then repeated for still higher values of J. 

In an attempt to evaluate the centrifugal 
stretching coefficients from the data of Fuson, 
Randall, and Dennison! by fitting the energy 


2 W. H. Shaffer and H. H. Nielsen, Phys. Rev. 56, 188 
(1939). 
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Fic. 6. Section of record of absorption band v2 for D,O. 


relations up to J=6 to their term values, no 
consistant values could be obtained. This was 
interpreted to mean that the effect of the 
centrifugal stretching on these levels was so 
small that it was less than the experimental 
accuracy. Since our evaluation of the moments 
of inertia of the molecule is made from transitions 
where J is not greater than 6, the effect of 
centrifugal stretching has been neglected. It may, 
in fact, be seen by reference to the relations 
(39) and (42) of the work of Shaffer and Nielsen™ 
that the centrifugal stretching might here be 
expected to be approximately ys the magnitude 
of those for H,O. 

As a further aid in identifying the lines of the 
spectrum, the relative intensities of the lines 
have been calculated by using the line strengths 
given by Cross, Hanier, and King." That is: 


ye pa DX | (Gr e4) serene"; sem’ |’, (2) 


X’Y/Z! M"' M’ 


where ¢r, represents the direction cosine element 
of the asymmetric rotator and X’Y’Z’ are the 
space fixed Cartesian coordinates. Their values 
are for various parameters of asymmetry. That 


4 P. C. Cross, R. M. Hanier, and G, W. King, J. Chem. 
Phys. 12, 210 (1944). 


is: 
2B(V)—A(V)—C(V) 
A(V)—C(V) 
The values used were those tabulated for K 
=-—0.5, since the parameter of asymmetry of ° 
D,.O in the normal state is —0.54, in the state 
ve—0.57, and in the state »;—0.53. 


+ Term values determined in this manner for 
the frequencies v, are tabulated in Table III. 





(3) 


TABLE III. Vibration-rotation term values for the 
frequencies v2. 











Jr v2 Jr ve 
0o 1178.30 cm™ 4o 1347.51 cm™ 
1; 1202.37 4. 1341.16 
lo 1199.75 4» 1321.16 
14 1190.39 4_; 1296.20 
22 1257.15 4.4 1293.56 
21 1256.70 5_2 1401.19 
20 1229.00 5-3 1386.12 
2-1 1221.50 5 4 1348.83 
2-2 1214.20 Dud 1348.60 
33 1345.44 6 2 1492.79 
32 1345.33. 6_s 1471.05 
31 1295.39 64 1460.43 
30 1293.18 6s 1411.56 
3.3 1268.79 66 1410.61 
3 2 1253.55 76 1483.39 
3 3 1248.67 72 1483.06 
4, 1468.00 8_1 1565.30 
4s 1468.00 8_s 1565.22 
4, 1398.06 9s 1657.07 
4; 1397.29 9_» 1657.02 
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TABLE IV. Vibration-rotation term values for the 
frequencies v3. 


F. 











Jr " Jr " 

0o 2787.23 cm Ss 3186.33 cm 
1; 2809.58 54 3186.33 

lo 2807.36 53 3110.05 

11 2799.57 2 3110.05 d 
2s 2859.10 51 3046.64 and V3. 
2 2858.71 So 3037.68 

20 2836.05 5_1 3009.18 

2: 2828.78 S_s 2998.50 

2s 2823.14 5_s 2985.40 

3s 2939.40 S_, 2955.63 

32 2939.39 4 2954.61 

3; 2897.42 " 3351.00 

30 2895.00 6s 3351.00 

3.3 2875.36 64 3260.56 

3_s 2861.04 63 3260.56 

3.2 2857.11 6: 3185.20 

4g 3048.27 61 3184.95 

4s 3048.27 60 3126.60 

4s 2988.71 1 3122.79 

44 2988.36 6_2 3094.53 

4o 2949.97 6_3 3073.91 

4.1 2943.00 6-4 3065.33 

4s 2925.72 6-5 3017.80 

43 2903.47 és 3017.10 

44 2901.37 — —— 


value. 








Term values for the frequencies v3 are tabulated 
in Table IV. The identification of lines is given 
in the third columns of Tables I and II. Im- 
mediately below the measured spectrum shown 
in Figs. 1, 2, and 3 is shown a spectrum which 
one would expect using the term values given in 
‘Tables III and IV. The lines are drawn as 
triangles, where the base is twice the equivalent 
slit width and the height is proportional to the 
relative intensity, which was determined in the 
manner described. The term values given for the 
state v2 with values of J higher than 6 were not : 
determined in the manner discussed but rather centrifugal stretching is much smaller here than 
from the characteristics of the spectrum and the 
calculated relative intensities. 

» The term values up to J=6 have been em- of J. 
ployed to calculate the values of the reciprocals 


TABLE V. Values of A(V), B(V), C(V), Ia, Is, Ic, and A. 


P. DICKEY AND H. H. NIELSEN 





of inertia A(V), B(V), and C(V). The Values 
which seem most consistent with the term Values 
given in Tables I and II are stated in Table y 
In the same table are stated the values of the 
corresponding effective moments of inertia Lh 
Iz, and I¢ for the normal state and the states », 


Darling and Dennison’ have shown that the 
quantity 4=I¢—I,—Tz is one which, for planar 
molecules, is independent of the coefficients of 
the anharmonic part of the potential energy, 
Its value may therefore be computed from q 
knowledge of the normal frequencies and the 
shape of the molecule. The values of A for the 
states v2 and v3; computed with the aid of the 
relation of Darling and Dennison, are also given 
in Table V, together with the experimentally 
determined values. It is somewhat disappointing 
that the computed value of A for the state », 
seems to differ appreciably from the measured 


The data of Barker and Sleator? has beep 
analyzed by King,‘ using a punch card method 
developed by them. His values for the moments 
of inertia, which were originally chosen to obey 
the A condition, vary slightly from the values 
given by us. The values of the moments of 
inertia chosen by King are such as to give the 
best over-all agreement with the contour of the 
incompletely resolved absorption pattern re 
ported by Barker and Sleator. The values are 
therefore those which fit the term values of high 
J values best. No compensation has been made 
by him for centrifugal stretching. While the 


in the case of ordinary water vapor, it can 
probably not be neglected for the higher values 


We have, of course, never employed the 











Normal state* v2 " 
A(V) 15.38 cm . 16.60 cm- 14.88 cm 
B(V) 7.25 7.35 7.24 
C(V) 4.83 4.84 4.84 
Ia 1.820 x 10-* g cm? 1.686 X 10-* g cm? 1.881 X 10-*° g cm? 
Is 3.860 « 10- 3.808 x 10-4 3.866 X 10-4 
Ice 5.794 x 10-* 5.782 x 10-* 5.782 x 10-* 
Aobs. 0.114 10-4 0.288 x 10-4 0.035 x 10-* 
Acalc. 0.105 x 10-*° 0.327 x 10-* 0.084 x 10-4 


| 








* SeeTreference]l, 
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method of King and are, therefore, not really 
qualified to criticize it. We do know, however, 
that his values of the moments of inertia do not 
yield lines at positions which fit our data as well 
as the values of the moments of inertia which 
we have given in Table V. We believe this to be 
because his values are chosen so as to give the 
best agreement at considerable distances from 
the center of the band where the centrifugal 
distortion is of considerable signifieance. They 
must, therefore, deviate from the values which 
would give the best fit near the center of the 
band. In our determination, compensation for 


centrifugal stretching has also been neglected. 
The values of the moments of inertia were, 
however, determined from term values of small 
J value where the centrifugal stretching is small 
and may be neglected. Since the lines which 
have been used to determine these term values 
are known accurately to about 0.05 cm, we 
believe the values obtained by us for the mo- 
ments of inertia are somewhat more reliable. 

The authors wish to acknowledge with grate- 
fulness grants-in-aid from The American Philo- 
sophical Society and The Research Corporation 
in New York City. 
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The Conservation of Momentum in the Beta-Decay of Y°* 
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Monolayer sources of yttrium (90) are formed by evaporation in a vacuum of 10~? mm of 
Hg. The momentum of individual recoil ions is measured by timing their flight in a field free 
space. The positively charged Zr (90) recoils appear to lose about 6-electron volts energy as 
they escape from the surface. If a 6-electron volt correction is made to the observed recoil 
spectra, there is good agreement regarding shape and absolute amplitude with those recoil 
spectra calculated on the assumption of a neutrino-electron angular correlation function of 
(1—8 cos@)*. For this function the most probable angle between the neutrino and the electron 
is ~135°. These results are in agreement, within experimental error, with earlier data obtained 
with P®, The exact limits of error due to chemical effects at the surface cannot yet be 
assigned, so it is not possible to make a definite selection of the form of the neutrino-electron 


angular correlation function. 


1. INTRODUCTION 


N earlier experiments' the momentum spectra 

of the recoil ions from monolayer sources of 
P® (Emax=1.72 Mev, half-life, 14.3d) were 
measured. It was concluded that momentum is 
not conserved ‘between the electron and the 
recoil nucleus. If one assumes the existence of a 
neutrino, which is most probably emitted in the 
opposite hemisphere from the electron, one ac- 
counts for the experimentally observed recoil 
momentum spectra. The experiments reported 
here measure the recoil momentum spectra of 
yttrium (90) (Emax =2.16 Mev, half-life, 62 hr.). 


*This work was supported by the Office of Naval 
nenaarch under Contract No. N6ori-71, Physics Task No. 


"1.C. W. Sherwin, Phys. Rev. 73, 216 (1948). 


These experiments permit a rather critical test 
of the previous results, since the Zr®® recoil ion 
from Y® is very different from the S* recoil ion 
from P®, The recoil ions in these two cases 
differ appreciably regarding (1) maximum ve- 
locity, (2) maximum energy, (3) maximum 
momentum, (4) mass, (5) ionization potential 
(S=10.3 volts, Zr=6.92 volts), and (6) the 
fraction of the recoils that escape in the charged 


state. If one assumes a (1—8cos@)? neutrino- 
electron angular correlation function for both 
cases, about 8 percent of the sulfur, and about 


87 percent of the zirconium recoils escape charged. 
In addition, the nature of the freshly evapo- 


rated foundation surface on which the monolayer 


is deposited is different. P® was deposited on 
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quartz, NaF, and LiF. Y* was deposited on 
quartz and tungsten. In all these cases, except 
for a 6-electron volt energy loss of the Zr ions, 
the recoil spectra are quite similar. 

Only by varying the conditions at the surface 
over the widest possible range can estimates of 
the errors caused by surface effects be made. 
Changing the type of beta-active material as 
well as the type of foundation surface provides a 
method of distinguishing between nuclear effects 
and chemical effects. 


2. THE EXPERIMENTAL METHOD 


The apparatus is substantially the same as in 
the earlier experiments.! The velocity of the 
ionized recoil nucleus is measured by timing its 
flight over a field free path of 7.6 cm. The 
nucleus is accelerated (to 3000 volts) between 
two parallel grids, and then detected by an 
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Fic. 1. Observed time of flight distributions for the recoil 
ions from Y®, The yttrium, probably in the form of YO, 
is deposited on a freshly evaporated surface of tungsten. 
The angular apertures, for the detection of the beta- 

rticles and the recoils, are the same for all four angles. 

e number equated to 8 is the total number of beta- 
particles detected by the Geiger counter during the 
collection of the recoil data. The failure to observe recoils, 
above background, at 90° and 45° is consistent with the 
neutrino hypothesis. 





1174 CHALMERS W. SHERWIN 


electron multiplier. This latter process takes 
calculated time of 0.42 microsecond, which i 
essentially constant for all the recoil ions, 
beta-particles are detected at 180°, 135° og 
and 45° with respect to the direction of the rect 
ions. The beta-particles are detected in a 4g 
degree half-angle cone and the recoils jn a3 
degree half-angle cone for all four directions, 

The Y® is separated from the parent Syn 
(obtained from the Clinton Laboratories) by the 
method of J. D. Kurbatov and M. N. Kurbatoy! 
In this method, with the two radioactive ma. 
terials in a pH 9 solution, most of the Y¥ jg 
absorbed on a filter paper while the Sr filters 
through the paper. Only about 1 percent of the 
activity of the final, carrier free, Y* solution js 
due to Sr®. The specific activity of this final 
solution (0.1 N HCl) is estimated to be less than 
one milligram of non-volatile matter per mill. 
curie of Y®. 

The Y® is evaporated (at about 2000°C) from 
a clean 10-mil tungsten wire bent in the form of 
a small hairpin. The catching surface, made of 
mica or thin glass, has a thickness ranging from 
1.8 to 0.5 mg/cm*. When quartz is used, the 
mica (or glass) is first coated with a thin gold 
surface to reduce the effect of electrostatic 
charges due to the escape of the excess number 
of beta-particles over the number of charged 
recoils. Recently it has been shown by Robley 
C. Williams* that polished or fire glazed glass 
surfaces have irregularities of the order of 5 
angstroms. Thus, even when approaching the 
atomic scale, the blown glass films used in some 
of the experiments with Y*% are not very rough. 

The catching surface, freshly coated witha 
few atomic layers of tungsten or quartz, is 
exposed to the evaporating Y* for about 15 or 
20 seconds when the 10-mil filament is at the 
most favorable temperature. In determining this 
temperature, it was observed in an auxiliary 
system that 90 percent of the Y* activity 
evaporated from the 10-mil tungsten wire it 
about 60 seconds when the current was increased 
from 4.5 amperes to 4.8 amperes. Up to the 
4.5-ampere point practically none of the Y* 
evaporated. Even with the aid of this calibration, 


2 J. D. Kurbatov and M. N. Kurbatov, J. Phys. Chem. 
46, 441 (1942). 
*R. C. Williams (to be published). 








ga\ 


sho 
sur. 





static 
imber 


obley 


of § 
g the 


ough. 
ith a 
tz, is 
15 or 
t the 


iliary 
tivity 


re in 


> the 
» y# 
ation, 


Chem. 








only five out of sixteen surfaces showed the 
characteristic time of flight distributions which 
are interpreted as being due to monolayer sur- 
faces. Figure 1 shows an example of these data, 
for which the best statistics were obtained. The 
eleven “bad” or “thick” surfaces showed a large 
number of low momentum recoils, and were in 
all respects identical to the “good” surfaces 
after they were five or six hours old. The “good” 
surfaces required anywhere from 20 to 100 min- 
utes to begin to show signs of contamination. 
Both quartz and tungsten foundation surfaces 
gave the same time of flight distributions. 

Studies with the mass spectrograph‘ have 
shown that yttrium evaporates from a tungsten 
surface as positively charged YO ions. Therefore, 
in these experiments, the yttrium is probably 
deposited on the catching surface as YO. This 
means that the recoil ion Zr+, must break a bond 
with an oxygen atom in order to escape from 
the monolayer surface as a free ion. It is shown 
later that there is definite evidence of loss of 
about 6-electron volts energy by the recoil Zr+ 
ion as it escapes the surface. The breaking of the 
oxygen bond may be the principle cause of this 
energy loss. This “work function”’ effect did not 
appear to be present in the P® experiments, 
although it could have been obscured by the 
larger experimental error (due principally to the 
shorter time of flight). 

To be certain that the recoil ions observed in 
Fig. 1 are really mass 90, their mass was meas- 
ured by the same method used in the P® experi- 
ments. A fine mesh, grounded grid was placed 3 
millimeters in front of the monolayer surface. 
The surface was then placed successively at 0, 
50, 100, 160, and 235 volts negative with respect 
to ground, thus adding different amounts of 
energy to the initial energy of the recoil ions. 
Time of flight spectra were observed at each of 
these voltages. The minimum time of flight was 
observed for each spectra, and from this time 
the maximum velocity of the recoil ions was 
calculated. These measured velocities all agree 
very well with an initial maximum energy of 
about 36 electron volts, and a mass of 90+5. 
The possibility that the recoil ion is mass 106 
(ZrO*) is definitely ruled out. A careful exami- 


*R. J. Hayden, private communication. 
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Fic. 2. Comparison of observed recoil momentum spectra 
with those calculated from the neutrino hypothesis. The 
6-electron volt displacement of the observed spectra with 
respect to the calculated spectra is assumed to be due to 
the binding energy of the Zr* recoil ion to the surface. 
The calculated spectra for the (1—f.cos@)* and the 
(1—8 cos@) neutrino-electron angular correlation functions 
were multiplied by 0.87 and 0.56, respectively, before 
plotting. This normalizes the amplitudes of the calculated 
180° curves to the amplitude of the curve observed at 180°. 
The “no neutrino” calculated curve, which is just the 
spectrum of the detected electrons, is multiplied by 1/50 
before plotting. The 90° and 45° calculated spectra for 
both the (1— cos#)? and the (1—£ cos@) cases are nearly 
indistinguishable on the scale of the figure, so only one 
case is plotted. 


nation of these results also sets the limit of the 
zero error in the time of flight measurements at 
0.1 microsecond. 


3. INTERPRETATION OF THE DATA, AND 
COMPARISON WITH THEORY 


The time of flight diagrams in Fig. 1 are 
plotted as momentum spectra in Fig. 2. Also 
plotted in Fig. 2 are the momentum spectra 
calculated on the following three assumptions: 

(a) There is no neutrino. Recoils should ap- 
pear only for the 180° case. These recoils should 
have the same shape spectrum as the electrons 
detected by the Geiger counter, and they should 
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have a very high intensity. In fact, one should 
observe a recoil for every tenth beta-particle 
detected. In plotting the calculated recoil spec- 
trum for this case, it was necessary to first 
multiply all the ordinates by 1/50. It has been 
assumed here, and in the following cases, that 
the original beta-particle spectrum for Y* is 
that given by the Fermi theory for an allowed 
transition. That this is not an improbable as- 
sumption is shown by the cloud-chamber meas- 
urements by Stewart, Lawson, and Cork.® The 
end point is taken to be 2.16 Mev, or 8730-gauss 
cm. This predicts a maximum recoil energy of 
40.7 electron volts for mass 90 recoil atoms. The 
spectrum as plotted in the 180° curve in Fig. 2 
is corrected for the 15 mg/cm? total absorber 
between the monolayer source and the Geiger 
tube. 

(b) A neutrino is assumed to exist whose 
probability of entering a solid angle element dQ, 
which makes an angle @ with respect to the 
direction of the electron, is 3/162(1—£8 cos@)*dQ. 
For this function, the most probable angle 
between the electron and the neutrino is about 
135°. This can be called a “backward” neutrino 
as contrasted to a “forward”’ neutrino such as is 
predicted by a (1+ 8 cos@) function. 

(c) A neutrino is assumed to exist whose 
probability of entering a solid angle element dQ, 
which makes an angle @ with respect to the 
direction of the electron, is 1/4r(1—£8 cos@)dQ. 
For this function, the most probable angle 
between the electron and the neutrino is about 
120°. This function is predicted by both the 
scalar and pseudoscalar forms of the Fermi 
theory for an allowed transition. 

B is the ratio of the velocity of the electron to 
the velocity of light. 

The neutrino is assumed to share the total 
energy of 2.16 Mev with the electron, to have a 
mass small compared to the mass of the electron, 
and to have a momentum of E,/c. The electron 
multiplier is assumed to have 100 percent effici- 
ency for 3000 volt ions. 

Before plotting the calculated momentum 
spectra, for the (1—8 cos@)* case in Fig. 2, all 
the ordinates were multiplied by 0.87, which 
normalizes the amplitude of the 180° curve to 


5D. W. Stewart, J. L. Lawson, and J. M. Cork, Phys. 
Rev. 52, 901 (1937). 
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the observed one. This means that about 87 
percent of the recoil ions escape charged if this 
angular correlation function is correct. H 
since the exact solid angle subtended by the 
“sensitive” area of the electron multiplier and 
the multiplier efficiency are not precisely known, 
the fraction of recoils escaping charged could hy 
anywhere from 50 to 100 percent. A significant 
point here is the comparison of the 87 percent 
figure with the corresponding figure of 3 to 
percent for the sulfur recoils from P® (for the 
same neutrino-electron correlation function), Ip 
other words, per beta-particle, one observes 
about 10 times as many recoils from Y™ a 
from P®, 

In the (1—fcos@) case, all the calculate 
curves were normalized to the 180° observed 
curve by the factor 0.56. 

Other recoil momentum spectra calculated op 
the basis of more “‘forward”’ neutrinos are plotted 
in the earlier paper. Since both the Y® and pa 
electrons are assumed to have about the same 
shape spectra, with Emax considerably in excess 
of mc*, the recoil momenta spectra will have 
similar shapes. The very sharp high momentum 
peaks in the 180° curves predicted by both the 
“random” and also the ‘“forward’’ neutrinos 
were never observed for either P® or Y®. 

The most noticeable discrepancy between the 
observed and calculated recoil spectra is that the 
observed spectra (for both 180° and 135°) fall 
short of the maximum theoretical energy by 
about 6 electron volts. This is a real effect, and 
is definitely outside experimental error estimated 
to be +3-electron volts in this part of the 
spectrum. A possible explanation of this energy 
loss is the binding energy of the Zr* ions to the 
surface and to the oxygen atom to which they 
are probably attached. The abnormally low 
number of recoils below about 10-electron volts 
energy for both the 180° and 135° cases sub 
stantiates this explanation. If all of the ions 
whose initial energy was less than 6 electron 
volts failed to escape the surface, the whole low 
momentum region of the observed recoil spec 
trum would be lowered in intensity. 

The second discrepancy between the observed 
and calculated recoil spectra is the failure to 
observe any recoils above background for the 
90° and 45° cases. This is expected on the net 
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trino hypothesis, since the predicted amplitude 
of these recgil momentum spectra is only about 
twice the random background. The statistics are 
not good enough to permit the detection of this 
small an effect. Also, a 6-electron volt energy 
loss would strongly attenuate these spectra, 
making their detection still more difficult. This 
situation is considerably different from the P® 
case where too many low energy recoils were 
observed at both 90° and 45°. 

It is evident from Fig. 2, if a 6-electron volt 
binding energy correction is made, that a 
(1—6 cos@)? neutrino-electron angular correlation 
function accounts in an almost quantitative 
manner for the observed spectra. The (1 —8 cos@) 
function cannot definitely be ruled out. How- 
ever, the “random” neutrino, the “forward” 
neutrino, and “no neutrino” predict curves of 
very different shape (see Fig. 5 in earlier paper), 
and of very different amplitudes (factors of 5 
to 50), corhpared to observations. It does not 
seem possible to reconcile these cases with the 
observations. 

The conclusion, that (1—8cos@)* gives an 
adequate explanation of the observations, is in 
agreement with the data of P®, The earlier 
paper pointed out that in many respects the 
observed P® data fitted the (1— 8 cos@)? function 
as well as the slightly favored (1—£ cos@) 
function. 

These results are in disagreement with the 
very tentative conclusions which Jacobsen* drew 
from his measurements on the recoil energy 
spectrum of Kr*®* (2.4 Mev, 2.7 hrs.). In this 
experiment there were some correction factors, 
whose direction was known, but whose magni- 
tude was uncertain. A careful examination of 
Figs. 11 and 13 in Jacobsen’s paper, suggests 
that, if the corrections are not too large, his 
data can be reconciled to the conclusion reached 
here. 

The conclusion that a “backward” neutrino is 
adequate to explain the observations on both 
Y® and P® is probably in disagreement with the 
Fermi beta-decay theory,’ since neither of these 
two nuclei would ordinarily be considered as 
“allowed” cases. In particular, the function 


*J. C. Jacobsen and O. Kofoed-Hansen, Mat. Fys. 


Medd. 23, No. 12 (1945). 
™D.R. ‘Hamilton, Phys. Rev. 71, 456 (1947). 
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(1—£8 cos@)*? is not even a possibility in the 
present formulation of the theory. 


4. CONCLUSIONS 


“It is assumed that a 6-electron volt binding 
energy correction can be made to the Y*® data. 

(a) The “no neutrino,”’. “forward” neutrino, 
and “backward’”’ neutrino assumptions all predict 
recoil momentum spectra whose shapes are in 
strong disagreement with the observations, and 
whose amplitudes are in disagreement with 
observations by factors of 5 to 50. 

(b) If a (1—8 cos@)? neutrino-electron corre- 
lation is assumed, the shape of the predicted 
spectra agree rather well with the shape of the 
observed spectra. Furthermore, the absolute 
amplitudes (assuming 100 ‘percent of the recoils 
escape charged) of both the 180° and 135° calcu- 
lated spectra agree to within about 20 percent 
with the amplitudes of the observed spectra. 
The failure to observe recoils above the back- 
ground at 90° and 45° is consistent with this 
neutrino assumption (as well as with the others 
mentioned above). 

(c) The Y® data is in agreement, within 
estimated experimental error, with the earlier 
data from P*®, except in absolute intensity. 
Only about 8 percent of the high ionization 
potential recoil ions from P® appear to escape 
charged. 

(d) No exact limits of error due to chemical 
effects at the surface can be set at the present 
time. The reproducibility of the recoil spectra 
for different chemical combinations at the sur- 
face, and the systematic disappearance of high 
momentum recoils at 135°, 90°, and 45°, suggest 
that the surface effects do not seriously interfere 
with their behavior as predicted by the neutrino 
hypothesis. These qualitative arguments must 
be replaced by exact measurements of surface 
effects before a final selection of the neutrino- 
electron correlation function is possible. 
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Collision and Saturation Broadening in Microwave Spectra* 
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A theory of spectral line shape is presented for the case of a low pressure gas where only 
two energy levels (or several pairs of independent levels) are active in producing absorption. 
In Section I, an approximate set of differential equations is derived ; these are solved in Section 
II. The method of approximation is shown to be consistent in Section III, and the final results 
are obtained in Section IV. A definite broadening of the lines in addition to that due to mo- 
lecular collision is predicted as saturation is approached. The incident power needed for a 
given effect is proportional to the square of the pressure, and the maximum attenuation 
factor multiplied by the square of the half-width should be independent of incident power. 





INTRODUCTION 


N spectroscopic work, it is generally appre- 

ciated that, owing to the limited population 
of states, a given amount of material can absorb 
no more than a certain maximum power inde- 
pendent of the electromagnetic power incident 
on the sample. Recent work in the microwave 
region has made it possible to reach values of 
incident flux sufficiently high to exhibit satura- 
tion effects. There has been some discrepancy’* 
as to whether this saturation is accompanied by 
a broadening of the resonance absorption over 
and above that due to molecular collision alone. 
We shall present below a theory of spectral line 
shape which, it will be seen, definitely predicts 
additional broadening due specifically to satura- 
tion. 

This theory is based on the following assump- 
tions. The phenomena involved have three im- 
portant characteristic times: the duration of a 
molecular collision 7, the period of the incident 
radiation 1/w, and the mean time between col- 
lisions r. (a) It will be assumed that 7<1/w<r. 
(b) Only two energy levels are active in producing 
absorption. (c) Molecular collision restores a 
Boltzmann population. ‘ 

Assumption (b) can be slightly relaxed to the 
extent that no energy level shall make a transi- 
tion to more than one other level. In this latter 
case, the absorptions produced by the inde- 


* Research done at the Brookhaven National Laboratory 
under the auspices of the Atomic En Commission. 


1C, H. Townes, Phys. Rev. 70, 665 (1946). 
(sayy V. Smith and R. L. Carter, Phys. Rev. 72, 638 
?T. A. Pond and W. F. Cannon, Phys. Rev. 72, 1121 
(1947). 
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pendent pairs of active levels can safely be added 
to give the total effect of the several lines. The 
results, however, must be expected to hold only 
in the near vicinity of a single line or group of 
independent lines. 

Assumption (c) essentially states that the 
effects of molecular collision are to be inde. 
pendent of the presence of the electromagnetic 
field. A collision is to be regarded as a “violent” 
event compared to the action of the field. 

Assumption (a) implies that the pressure must 
be low. In particular, the collision diameter must 
be negligible compared to the mean free path, 


SECTION I 


For any assemblage of quantum-mechanical 
systems, the density matrix, p, satisfies the fol- 
lowing differential equation (superior dots indi- 
cate differentiation with respect to time). 


the =H, p]). (1) 


In our problem, the Hamiltonian matrix His 
given by 
H=H,+ V sinat, (2) 


where the field-free Hamiltonian H» and the 
parameter V are independent of ¢. Choosing a 
representation in which Hy is diagonal and letting 


Pam = €~ am !¢,,,,; Gan = (E,°—E,,°)/h, 
we obtain from (1): 
thénm = sinwt 2 i( Vnse"!'Cim —CniV ime"). 


In accordance with the “‘two-level’’ assumption 
(b) above, we shall retain in these equations 
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only the terms involving C11, C12, C1, Coo. If 
several independent pairs of levels are active, 
we obtain corresponding sets of equations for 
each pair; these sets can be independently 
treated by the method used below. With the 
definition 

D=C22—C11 = p22— pr, (3) 


these equations become: 
ihD =2 sinwt[ Vere?""c12 — C21 Vize™*** J, 
ihéy: = sinwt[ Vi2¢*"**D +¢12( Vis — Vo2) J, (4) 
ihéo; = —sinwt[ V2.e**D+¢21(Vir— V2) J. 


In view of assumption (a) above, we shall 
neglect rapidly varying terms inasmuch as their 
effects might be expected to be practically self- 
cancelling over the comparatively long time 
periods between collisions. We shall see in 
Section III that this approximation can be shown 
to be consistent. Writing sinwt in complex form 
and retaining only slowly varying parts, we 
obtain finally « 


D = (1/h)[ V i9C21e®*+ Vorei2e~** J, (5a) 


C12 = (1/2h) Vi2De**, (5b) 
é2 = (1/2h) Vo,De—**, (5c) 
where we have chosen the following conventions: 
w2=—w1>0; b=w12—-wa. (6) 
SECTION II 


Equations (5) can be solved rigorously. Dif- 
ferentiation of (5a) and substitution from 
(5b, c) gives: 


D=—(1/h*)| Vi2|2D 
— (46/h)[ Viecore* — Vercise** J. 


Again differentiating, substituting from (5b, c) 
and finally using (5a), we obtain 


D=—{(| Vie! /h)? +82}. 
The general integral of this equation is 


D=acosQ(t—T)+8, (7) 
where 


= (| Vis| /hP+e 


and a, 8, T are (real) constants. If the last col- 
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lision occurred at ¢=¢, our assumption that a 
collision restores the Boltzmann population 
requires the following boundary conditions on 
the density matrix 


C12 =O =Cay 


D=Dy at ¢=0, (8) 


where Dy is the value appropriate to thermal 
equilibrium. The first two conditions imply by 
(Sa) that D=0 at t—%; this in turn implies that 
T= in (7). 

Writing (7) in complex form, substituting in 
(5b), and integrating, we find: 





Vie ae 12 (t—to) ae? (t—to) 
12 - Ii “ 


B 
2(Q2—5) 2(Q2+6) 36 


2h 


where ¥ is an integration constant. Applying the 
first condition in (8), 


x =te* | (8/6) —(dah?/| Vie|*)}. 


A final relation on the integration constants is 
obtained as follows. Substitute (9) on the right 
of (Sa) and (7) on the left. After some algebraic 
reduction, it will then be found that, if the 
resulting equation is to hold for all ¢, y must be 
zero. This fact and the last of conditions (8) 
enable us to evaluate a and 8. The final result is 


D = (Do/h?0") | | Viz|? cosQ(t—to) + (h8)*}.° (10) 


SECTION II 


We are now in a position to show that the 
approximation used in obtaining (5) is a con- 
sistent one. More specifically, we shall show that 
(7) and (9) plus small rapidly varying terms 
form a good approximation to the solution of (4). 

Make the ansatz: 


D=D-+d; C12 = C2 +, (11) 


where D® and cy. are given by (7, 9) and 
where d and c¢ are rapidly varying functions 
which are smaller than D® and ¢. by a 
factor of the order of the frequency of variation. 
Then d and é will be of the order of D™ and 
C12. 

Substitute (11) into (4) and use the fact that 
D® and cy». are rigorous solutions of (5). 
Neglecting terms of the order of d and ¢ one * 
obtains the following results, which show that d 
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and ¢ do indeed have the properties assumed. 
thd = e* 12+) V 969, (0) 4 e-ilwrrtw)t Vy .¢19 (0), 
thé = 42 (Vii — V2) sinwt —ie*@12t+)# VD), 


These could have been used to increase the 
accuracy of our solution (10). 


SECTION IV 


The change in the expectation value for the 
energy of the system since the last collision is 
given by 


AE= (puFi+ p22E2) | a 


Using (3) and the fact that the diagonal sum of 
p has the constant value unity, we may express 
AE in terms of D. When (10) is used, the final 
expression is found to be 


AE =(Dowis| Vi2|*/2h2*)[1 —cosQ(t—to) J. 


Since the pressure has been assumed to be low, 
the probability that a given molecule will undergo 
collision during any short time interval will be 
proportional to the length of the interval and 
independent of the history of the molecule. It 
then follows that the probability that the last 
collision occurred during the interval ¢—@ to 
t—0@—dé@ is given by e~/"d@/r, where + is the 
mean time between collisions. Setting t)=t—6 
above and integrating the product of these 
expressions from 6=0 to @= ©, we obtain the 
average change in the expectation value for the 
energy. 


D,| Viel %wiot?/2h 
(AE) = ' 
1+7°[8?+(| Vis! /h)*] 


When a collision next occurs, the expectation 
value of the energy will return to its Boltzmann 
value, while the excess will be carried off as 
thermal motion of the molecules. The mean rate 
of collisions per unit volume is N/r where N is 
the number of molecules per unit volume in the 





two states considered. (Thus ND, is the thermal ° 


equilibrium value for AN, the population dif- 
ference of the two levels.) The power absorbed 
per unit volume is therefore N(AE)/r. 


RICHARDS 


For dipole radiation, V in (2) is equal to the 
dot product of the dipole moment and the electric 
(or magnetic) field. Assuming an incident Plane 
wave and allowing for the random spatial orien. 
tation of the molecule, 


| Viz |*= | u|*8xG/3c, 


where y is the dipole moment effective jn the 
transition and G is the average incident powe, 
per unit area. 

Making these substitutions and convert; 
from angular to actual frequency, the power Pp 
absorbed by the gas per unit volume is given by 


4nGAN | u|?vo/3her 
(Av)?+(1/247)?+(8xG | u|2/3h%) 





(13) 


As mentioned earlier, if more than two levels 
are active but if no level can make a transition 
to more than one other level, then the absorp. 
tions of the several pairs as given by (13) can be 
added to give the total absorption. 

Note that (13) reduces to the usual formula for 
low G and gives the correct limiting absorption 
ANhv/2r for large G. 


CONCLUSIONS 


The formula (13) definitely predicts an addi- 
tional broadening of the spectral line as G in- 
creases. The functional form checks the experi- 
mental results of Pond and Cannon? to well 
within experimental error. (It is easily shown 
from (13) that, in their notation, ao(Av)*? should 
be independent of incident power and propor- 
tional to the square of the pressure.) Since Pond 
and Cannon give their results in arbitrary units, 
a quantitative check cannot be made. 

Because the term proportional to G in the 
denominator of (13) merely adds to the square 
of the usual line-breadth constant, the power 
level at which any given saturation effect on line 
shape occurs will be proportional to the square 
of the pressure as noted earlier by Townes.’ 

Accordingly, the theory presented here pre- 
dicts broadening due to saturation and agrees 
with the experimental results available at this 
time. 


*P. I, Richards, Phys. Rev. 73, 254 (1948). 
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A method has been devised for the measurement of spectral and total emissivities of non- 
metallic surfaces at high temperatures. The maximum temperature for spectral emissivity 
measurements is about 1700°C. With an extrapolation of spectral emissivity values it is 
possible to obtain experimental values for total emissivities at even higher temperatures. 
This method has been applied in the measurement of the emissivities of polished surfaces of 
three types of commercially prepared beryllia. Ceramic firing of hot-pressed beryllia was 
found to have very little, if any, effect on the spectral or total emissivity of a surface formed 
by polishing the final material. The impurity present in dark samples and/or the larger crystal 
size increases both the spectral and total emissivity by a factor of about two. 





I. INTRODUCTION 


ARIOUS methods! have been used to meas- 
ure the total emissivity of non-metallic 
surfaces. These methods are limited either to a 
relatively low temperature range of measurement 
or to the use of surfaces prepared in a manner 
required by the experimental method. The latter 
limitation is very restricting since the emissivities 
of substances are influenced greatly by the 
nature of the surface. The method used in this 
investigation permits the use of surfaces prepared 
by. any method desired. In this investigation 
measurements were made up to 1900°C. 

Several investigators? have developed or sug- 
gested methods for the measurement of the 
spectral emissivity of non-metallic surfaces. 
Liebmann! discussed the various factors involved 
in obtaining reliable measurements and deter- 
mined the spectral emissivity of a sintered 
deposit of powdered beryllia. The method re- 
ported in this paper was an adaptation of the 
methods of Skaupy’ and of Burgess and Walten- 
berg.? Values thus obtained were checked at the 
melting point of gold by a procedure similar to 
that of Wiegand? and at the melting point of 


* This paper is based on work performed under Contract 
No. W-31-109-eng-38 for the Manhattan Project at the 
—— National Laboratory. 

t address, Department of Chemistry, Carleton 
College, Northfield, Minnesota. 

1C, P. Randolph and M. J. Overholzer, Phys. Rev. 2, 144 
(1913); G. Liebmann, Zeits. f. Physik 71, 416 (1931); P. F. 
McDermott, Rev. Sci. Inst. 8, 185 (1937). 

*G. K. Burgess and R. G. Waltenberg, Bull. Bur. Stand. 
11, 591 (1915); F. Skaupy, Zeits. f. Physik 12, 177 (1922); 
E, —— Zeits. f. Physik 30, 40 (1924); W. E. Forsythe, 
Phys. Rev. 25, 252 (1925); G. Herrman, Zeits. f. Physik. 
Chemie 35, Abt B4, 298 (1937). 

*G. Liebmann, Zeits. f. Physik 63, 404 (1930). 


potassium sulfate by a method dependent upon 
the discontinuity in the transmissivity of potas- 
sium sulfate at its melting point. 


Il. EXPERIMENTAL METHOD 
Beryllia Samples 


Sample disks, 1.9 cm diameter X0.3 cm, were 
cut from blocks of fabricated beryllia. The faces 
were ground parallel and polished on No. 500 
carborundum paper. Measurements were made 
with three different types of fabricated beryllium 
oxide. These types were prepared by the Norton 
Company. 

Type 1 was fabricated by hot-pressing high 
fired beryllia powder in graphite forms. This 
type was uniformly colored black throughout 
the entire fabricated piece. The black coloration 
remained after the sample disks were heated in 
air. The density was 2.85 g cm~, 

Type 2 was fabricated by hot-pressing Brush 
S.P. powdered beryllia. This type was white 
throughout the fabricated piece except for occa- 
sional small grey or black regions. There ap- 
peared to be a small hole at the center of many 
of the dark regions. This discoloration also 
remained after the sample disks were heated in 
air. The density. was 2.844 g cm~. 

Type 3 was fabricated the same as Type 2 
except that the fabricated blocks were annealed 
by ceramic firing after being formed by the hot- 
pressing method. The specimen used in these 
measurements had a slight grey color but turned 
white when heated in air. The density was 
2.778 g cm-, 
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Apparatus 


The apparatus used to obtain radiation data 
for the calculation of total emissivities is shown 
in Fig. 1. A heated beryllia surface was obtained 
free of temperature gradient by use of the 
tungsten-tantalum heating block, B and C, and 
the beryllia shield and diaphragm, J and J. The 
metal block was heated by induction. The 
tungsten disk, B, had to be placed between the 
tantalum block, C, and beryllia sample, A, 
because of the chemical reaction between beryllia 
and tantalum, forming volatile tantalum oxide 
and beryllium. The radiation shield, J, and 
diaphragm, J, were fabricated from Type 1 
beryllia. 

In order to eliminate undesirable reflections 
the inner wall of the quartz tube was coated with 
Aquadag colloidal graphite from the edge of the 
optical quartz window, O, down to and including 

















Fic. 1. , o/ee for heating of samples in vacuum. 
A, sample disk; B, tungsten heating disk; C, tantalum 
heating block; D, “black body” hole; EZ and U, calibrated 
Leeds and Northrup optical pyrometers; F, tungsten legs; 
G, grooved beryllia table; H, quartz support; J, radiation 
shield; J, diaphragm; K, water cooled quartz jacket; L, 
induction heating coil; M and 7, silvered prisms; N, optical 
Pyrex window; O, optical quartz window; P, shutter; 
Q, solenoid; R, iron rod sealed in Pyrex; S, total radiation 
pyrometer; V, quartz supporting tube; W, quartz-Pyrex 
graded seal; X, 34/45 standard taper joint. 
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the upper surface of the constriction jp 
quartz wall. The shutter, P, protected the quart, 
window, O, from volatilized deposits at all times 
that measurements were not being made. The 
transmissivities of the prisms M and T 
windows N and O remained constant throughout 
the investigation. 

The Leeds and Northrup Rayotube tot, 
radiation pyrometer, S, was equipped with , 
quartz lens. When the pyrometer was focused 
on a surface the thermopile in it intercepteg 
radiation from an area 0.6 cm in diameter, The 
Rayotube was securely mounted in a special 
holder which permitted adjustment of the verti. 
cal distance from specimen to Rayotube by 
eliminated all lateral motion. The silvered prism 
T was mounted in a special holder which per- 
mitted the prism to be moved into place for use 
with pyrometer U and moved out of the way 
when measurements were made with pyrometer 
S. 

Joint X was sealed with Apiezon “W.” To 
insure reproducibility in the assembly of the 
apparatus a reference mark was placed on the 
lower Pyrex tube and a sturdy metal pointer 
was mounted on the vacuum frame in coincidence 
with the reference mark. 

Mercury vapor pumps with liquid nitrogen 
traps maintained a pressure of 10~* to 10-° mm 
of Hg while the heating unit and sample were at 
the maximum temperature obtainable. 

The oscillator used with coil ZL was supplied 
by two parallel constant voltage transformers. 
This combination permitted maintaining a very 
constant temperature of the sample heating unit. 

The apparatus used to measure the spectral 
emissivity of the beryllia surfaces is shown in 
section in Fig. 2. The beryllia sample disk was 
placed on a platinum ribbon 1X6 X0.001 inches. 
This ribbon was heated electrically by the output 
of a filament transformer supplied by a variable 
transformer. To maintain a constant ribbon 
temperature the variable transformer was sup- 
plied by a constant voltage transformer. A 
maximum current of 76 amp. was passed through 
the platinum ribbon. 

The beryllia flats shown in Fig. 2 furnished a 
smooth supporting surface and prevented the 
platinum ribbon from buckling away from the 
supporting surface and producing hot spots. 
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Thus the center of the platinum ribbon could be 
heated to just slightly below the melting point 
of platinum without danger of the ribbon melting 
at any point. The top beryllia flats also served 
as a guard ring about the sample disk and 
helped eliminate temperature gradients in the 
surface of the disk. 

Undesirable convection currents were elimi- 
nated by use of an insulating firebrick chimney 
which was shaped as shown in Fig. 2. The 
inner surface of the chimney was coated with 
Aquadag colloidal graphite. During a series of 
measurements the graphite was burned from 
no more than the lower half inch of the chimney. 


Calibration of Rayotube 


The Rayotube was calibrated in situ by use of 
the tungsten disk, B, as a known radiating 
surface. The top surface of the tungsten was 
polished with 4/0 emery paper. The tungsten 
was heated in vacuum to approximately 2200°C 
for several hours to outgas the tungsten and age 
its surface. The tungsten disk was then heated 
to constant temperature at about 900°C. The 
true temperature of the tungsten disk was 
measured with the calibrated pyrometer E (Fig. 
1) and the brightness temperature of the top 
surface was measured with the calibrated py- 
rometer U. The voltage of the Rayotube was 
measured with a Leeds and Northrup precision 
potentiometer. This procedure was repeated at 
approximately 50-degree intervals in the range 
900°C to 2000°C. The measurements were re- 
producible and the equilibrium potentials of the 
Rayotube remained constant within 0.03 percent 
over a period several times as long as required to 
make all the readings at each temperature. After 
proper corrections were made for the transmis- 
sivity of prisms and windows the readings of 
pyrometers E and U agreed very well with the 
spectral emissivity data of Worthing.‘ 

The total radiant energy (in cal. cm sec.~) 
was calculated at each temperature by the use 
of Worthing’s‘ values for the total emissivity of 
tungsten. With this data a calibration curve was 
drawn for the Rayotube under the conditions of 
the experiment. This procedure did not com- 


‘International Critical Tables (McGraw-Hill Book 
Company, Inc., New York, 1929), Vol. 5, pp. 243 and 245. 
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Fic. 2. Apparatus for resistance heating in air (section). 


pletely correct for the absorption of radiant 
energy by the quartz window and lens since the 
spectral distribution of radiant energy is different 
for tungsten® and beryllia* surfaces. Nor does 
this method allow for possible variation between 
the two surfaces in the ratio of total hemispheri- 
cal emissivity and total normal emissivity. 


Determination of Total Emissivity 


After an initial heating in air to about 1300°C 
each beryllia sample disk was placed in the 
apparatus shown in Fig. 1 for preliminary heat 
treatment in vacuum. It was heated to the 
maximum temperature obtainable for several 
hours in order to outgas the sample and volatilize 
any impurities remaining from the polishing of 
the upper surface. The Rayotube was adjusted 
to focus it on the center of the beryllia surface. 
After the heat treatment the heating unit was 
brought to a constant temperature; the radiant 
energy was determined by measurement of the 
equilibrium potential difference of the Rayotube ; 
and the brightness temperature of the beryllia 
surface was determined with pyrometer U. 
These measurements were repeated at different 
temperatures and the energy radiated from the 
surface was plotted as a function of the bright- 
ness temperature of the beryllia surface. Meas- 
urements with the apparatus shown in Fig. 2 
later gave the relation between brightness tem- 
perature and true temperature for the same 
beryllia surface. The total emissivity, «, was 


5 L. S. Ornstein, Physica 3, 561 (1936). 
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Fic. 3. Transmissivity curve for potassium sulfate 
layer on beryllia surface. 


calculated at various temperatures by the rela- 
tion 
€:= W/oT* (1) 


where W is the total radiant energy in cal. cm~* 
sec.—' at the true surface temperature 7°K, and 
o is the Stefan-Boltzmann radiation constant 
(1.379 X10-” cal. cm~ sec.—! deg.—). 


Determination of Spectral Emissivity 


Platinum was vaporized on one-half of the 
upper beryllia surface to a thickness of 0.001 to 
0.002 cm and polished with 4/0 emery polishing 
paper. The beryllia disk was then placed on the 
platinum ribbon of the apparatus shown in 
Fig. 2. The ribbon was heated to approximately 
1600°C for 30 min. During this heating the 
upper surface was approximately 1400°C. This 
preliminary heating was necessary in order to 
obtain reproducible measurements of the relative 
brightness temperatures of the platinum and 
beryllia surfaces. With the platinum ribbon at a 
constant temperature, the brightness tempera- 
tures of the beryllia surface and of the adhering 
platinum surface were measured with the same 
optical pyrometer. This procedure was repeated 
at different surface temperatures throughout the 
available temperature range. The entire temper- 
ature range was covered three or four times to 
check the reproducibility of the measurements. 
There was no indication of changing emissivities 
during the time of these measurements. 

The brightness temperature of the platinum 
surface was plotted as a function of the corre- 
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Fic. 4. Brightness temperatures of beryllia surface and 
adhering platinum surface. Lower line: Type 1 beryllia. 
Upper lias: Type 2 beryllia (dark circles) and Type 3 
beryllia (light circles). 


sponding brightness temperature of the beryllia 
surface. Stephens* determined the brightness 
temperature of a platinum surface at different 
absolute temperatures. By interpolation on the 
above smoothed curve the corresponding bright. 
ness temperature of the beryllia surface, Ts, was 
obtained at each absolute temperature, T. The 
spectral emissivity, «,, at temperature T was 
then calculated from the relation 


logioex =[c/2.303A ][(1/T7)—(1/Ts)]. (2) 


The effective wave-length of light, \, transmitted 
by the optical pyrometers used in this investiga- 
tion was taken as 0.665 for all temperatures. 
Wien’s radiation constant, c, is 1.432 cm °K. 
Therefore Eq. (2) reduces to 


logi0€0. 665, = 9352[(1/T) ne (1/Ts) }. (3) 


The spectral emissivity of each sample was 
checked at the melting point of gold by an 
independent method. The spectral emissivity of 
Type 1 beryllia was also checked at the melting 
point of potassium sulfate. (These measurements 
were actually made first, before the platinum 
was vaporized onto the beryllia surface.) 

A circular piece of gold foil (10 mg in.~*) was 
cut to the same diameter as the beryllia sample. 


A strip about 0.2 cm wide was cut from the | 


center of this disk. The remaining two segments 


*R. E. Stephens, J. Opt. Soc. Am. 29, 158 (1939). 















EMISSIVITY OF BERYLLIUM OXIDE 1185 


were rubbed into intimate contact with the | syed. Brightness eupeentnes (Ts), spectral emiesiv- 
- ity €0. , and total emissivit €:;) ol three pes ol tab- 
beryllia. The segments were placed so as to {id,tey’beryilium oxide y Nee ty 


leave exposed a 0.2-cm strip of clean beryllia 
surface. The gold foil adhered to the polished Type 1 Types2and3 = Type? Type3 


beryllia fairly well.: Te°K  «.008 “ Tp°K 0.665 « 


The beryllia surface was heated to the melting 160.4 0.542 0.665 1104.6 0.212 ‘ 0.396 
point of gold in the apparatus shown in Fig. 2. 1347.0 0.546 0.746 1271.0 0.210 0.405 0.392 


ightness temperature of the clean beryllia 1440.4 0.552 0.785 1354.2 0.213 0. 0.420 
The bright DER “Y 1533.8 0.559 0.819 1437.1 0.217 0.447 0.439 


surface was determined at the first appearance 1627.3 0.568 0.843 1519.8 0.222 0.474 0.453 
of holes in the gold foil. This procedure was 1720.9 0.577 0.867 1602.4 0.228 0. 0.463 
repeated at least twice with each disk. The as. cae. tans aan 
observed brightness temperatures of the beryllia 1849.6 0.475 
surface at the melting point of gold seldom Melting point of gold 1890.7 0.475 
differed by as much as 2 deg. for a given sample. . 1336 1288.4 0.553 1216 ‘ (Type 2} 
(It was found necessary to cool the sample Melting point of po- 1217 20, (Type 3 
rapidly as soon as melting of the gold was tassium sulfate 
observed, and then to examine the disk under 1342 1293 0.54, 
a low power microscope to verify that melting 
had occurred. If melting had occurred, small potassium sulfate was made in the apparatus 
globules of gold adhered to the beryllia surface. chown in Fig. 1. A few crystals of anhydrous 
If the observed holes resulted from volatilization potassium sulfate were melted so as to cover 
’ “a - — a long i. of heating, no about half of the upper surface of the beryllia 
globules of gold were present. ' disk. The disk was then heated to constant 
The. true ge aoe of oy — — temperature and the brightness temperature of 
paca sonia ” parte et . - -— ye its surface measured at a point covered with 
observed was assumed to e melting point o . te adil iat nt f pores 
© , : potassium sulfate and at a point free of potas 
” a = pore tenses —e. —s sium sulfate. Measurements were made at the 
sll este ee eee € same points on the surface at various increasin 
beryllia surface permitted the calculation of the canemamiiee The porsche ty of the po a 
reset : . , 
a. emissivity of the beryllia at 1336°K by sium sulfate layer, 70.685, was calculated by the 
The determination of the spectral emissivity — 
of Type 1 beryllia at the melting point of logioTo.665=9352[(1/T2)—(1/T4)], (4) 
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Fic. 5. Curve A : Type 1 beryl- 
lia. Curve B: Type 2 beryllia. 
Curve C: Type 3 beryllia. 





@ 
° 


SA 
x" 








ue 
or. 


hd 
° 


| A 


 asleite —— 
am 
l 





ao 


_ 


epee 
l l | = l l 1 
000 1100 1200 1300 1400 1500 1700 1800 1900 


BRIGHTNESS TEMPERATURE OF BeO SURFACE, T°K 

















ENERGY RADIATED FROM BeO. W car cw’ sec™ 


























°o 
-o 





































ee 





TABLE I1. Liebmann’s values for the spectral emissivity of 
sintered 0.5y beryllia. 








T°K 1300 1400. 1500 1600 1700 1800 1900 2000 2100 2200 
€o.005 0.057 0.068 0.080 0.091 0.102 0.113 0.124 0.135 0.146 0.157 











where 7°; is the measured brightness temperature 
of the clean beryllia surface and 7,4 is the 
apparent brightness temperature of the beryllia 
surface as viewed through the layer of potassium 
sulfate. The values of 70.665 are shown in Fig. 3 
as a function of Zs. The layer of potassium 
sulfate no doubt became thinner during the 
course of measurements due to evaporation and 
further creepage over the beryllia surface. This 
would increase the transmissivity. The observed 
decrease in transmissivity with increasing tem- 
perature resulted from the predominant effect 
of temperature. Within the experimental error 
of the measurements the data could be repre- 
sented by two intersecting straight lines. The 
point of intersection (Fig. 3) was considered to 
lie at the melting point of potassium sulfate, 
1342°K. The corresponding brightness temper- 
ature of the beryllia at the intersection, 1293°K, 
permitted the calculation of the spectral emis- 
sivity of the beryllia surface at 1342°K by 


Eq. (3). 
Ill. RESULTS 


Figure 4 shows the relation between the 
brightness temperatures of the beryllia surface 
and of the adhering platinum surface for each of 
the three types of beryllia used in this investiga- 
tion. Within experimental error, Type 2 and 
Type 3 beryllia gave identical results. In Table I 
are given the spectral emissivities, €o.665, calcu- 
lated from the curves in Fig. 4 and Stephens’® 
values of the brightness temperature of platinum. 

Figure 5 shows the relation between the energy 
radiated from the beryllia surfaces and the 
brightness temperatures as measured with the 
three types of beryllia. In Table I are given the 
total emissivities, ¢,, calculated from the curves 
in Fig. 5 by use of Eq. (1). The values given for 
temperatures above 1900°K involve extrapola- 
tions both of Stephens’ results and of the curves 
in Fig. 4. The differences in the values for Type 2 
and Type 3 beryllia are probably no greater than 
the variation which might be found between 
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different samples of either one of the 
However, there is considerable difference be. 
tween the dark Type 1 beryllia and the white 
Types 2 and 3, both in spectral and total 
emissivity. 

The values of spectral emissivity determ; 
at the melting point of gold and the melting 
point of potassium sulfate are also given jn 
Table I. 

The sample disk of Type 2 beryllia used fo, 
the measurements given in Table I had typ 
small grey spots on the surface which was used 
for the radiation measurements. These 
were about 0.1 cm in diameter and could not be 
removed by heating the sample in air. The spots 
were near the edge of the disk and therefore dig 
not affect the measurements of total radiation, 
Measurements were made of the brightness 
temperature of the spots each time a correspond. 
ing measurement was made on the white surface 
and the ratio of the spectral emissivities of grey 
spots and white surface was calculated. The 
spectral emissivity of the grey spots was approxi- 
mately twice that of the white surface in the 
temperature range 1200°K to 2000°K. The higher 
spectral emissivity of the grey spots and also of 
the black Type 1 beryllia may be due not only 
to the impurity present which imparts the color 
to the fabricated beryllia (carbon, carbide, or 
suboxide), but also to the crystal size of the 
beryllia. When viewed with a low power micro- 
scope the beryllia crystals present in the grey 
spots of Type 2 appear to be considerably larger 
than the crystals present in the white surface 
adjoining the grey spot. 

Other investigators have measured the spectral 
emissivity of beryllia. Since the beryllia surfaces 
used in these earlier measurements were fabri- 
cated differently than the surfaces used in the 
measurements reported herein, agreement of 
results is not to be expected. 

Burgess and Waltenberg? report a spectral 
emissivity of 0.37 (A=0.650u) for beryllia at 
1740°K. They do not report the nature of the 
beryllia surface which was used in making this 
measurement. The value 0.37 is based on the 
value of the spectral emissivity of platinum 
taken to be 0.33 at all temperatures. Based on 
the more recent and complete measurements of 
the emissivity of platinum* which were used im 
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calculating the values reported in Table I, the 
value given by Burgess and Waltenberg for the 


emissivity of beryllia would be 0.33 at 1755°K. © 


Liebmann*® measured the spectral emissivity 
of a beryllia surface which had been slip-cast on 
a Nernst glower. The grain size of the beryllia 
was 0.5u. His results are given in Table II. 


Discussion of Errors 


The values given in Table I are reported in 
accordance with the precision of measurement of 
the various experimental quantities. However, 
the accuracy of the values obtained for the 
spectral and total emissivities is not determined 
by the precision of measurement of the experi- 
mental quantities. 

The temperature of all surfaces surrounding 
the sample during measurement should be so 
low that the radiant flux from the surrounding 
surfaces is insignificant compared to that of the 
hot beryllia surface. In the apparatus shown in 
Fig. 2 the surfaces which could radiate to the 
beryllia surface were always colder than neces- 
sary to decrease the error in the spectral emis- 
sivity from this source to less than 0.1 percent. 
However, in the measurement of the total emis- 
sivity a much greater error resulted from failure 
to maintain neighboring surfaces at a sufficiently 
low temperature. There was partial compensa- 
tion of errors since the Rayotube was calibrated 
in situ and there was a corresponding error in the 
measurement of the brightness temperature of 
the beryllia surface. It was estimated that the 
error in the total emissivity resulting from this 
source was less than 5 percent. 

There is another possible source of error in the 
measurement of the spectral emissivities and 
therefore also in the calculated values of total 
emissivity. While good thermal contact was 
obtained between the platinum and the beryllia, 
the temperatures of the two surfaces may not 
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have been identical due to the difference in total 
emissivity of platinum’ and beryllia surfaces. 
The platinum reference surface may therefore 
have been at a higher temperature than the 
beryllia surfaces. The magnitude of the error 
from this source is minimized by the relatively 
high heat conductivity of beryllia (as compared 
with other oxides) and by the fact that heat was 
lost from the platinum and beryllia surfaces by 
conduction and convection as well as radiation. 

The spectral emissivities as measured in this 
investigation are normal spectral emissivities. 
This is also true of Stephens’* values for plati- 
num. However, there is some uncertainty as to 
whether the values given by Stephens, deter- 
mined in vacuum, may be applied to the plati- 
num surfaces used in this investigation, in air. 
Stephens’ results agree well with those obtained 
by Worthing,* who measured the spectral emis- 
sivity of platinum in an argon atmosphere. 
However, there has been a wide variation in the 
measurements of the spectral emissivity of plati- 
num as made by various investigators.* Worth- 
ing® suggests that these variations may be due 
in part to the atmosphere used in each case. 

The spectral emissivity of the beryllia surfaces 
was determined by three independent methods 
which gave values in good agreement. Since it is 
not probable that the net error inherent in each 
of the three methods was the same, the total 
error resulting from the above sources must not 
have been very great. It is estimated that the 
values of the spectral emissivity given in Table I 
are accurate to well within 10 percent and that 
the values of total emissivity are correct to 
within 20 percent. 


( 924) Davisson and J. R. Weeks, J. Opt. Soc. Am. 8, 581 
1 a 
8A. G. Worthing, Phys. Rev. 28, 174 (1926). 
*American Institute of Physics, Temperature, Its 
Measurement and Control in Science and Industry (Reinhold 
Publishing Corporation, New York, 1941), p. 1164. 




















PHYSICAL REVIEW 


VOLUME 73, 





NUMBER 10 MAY 15 


+ 1948 


On Solutions of He* in He‘ 


F. Lonpon, 
Duke University,* Durham, North Carolina 


AND O. K. RICE 
University of North Carolina, Chapel Hill, North Carolina 


(Received January 16, 1948) 


Elementary thermodynamics has been applied to recent 
data on the equilibrium concentrations of He? in the liquid 
and vapor phases of He‘. The differences between He’ and 
He‘ as regards partial molar heat and entropy have been 
calculated and briefly discussed. Above the A-point the 
energy of He’ in the liquid is greater than that of He* by 
about 13 cal. mole, an amount which can be accounted 
for theoretically by the difference in zero-point energy. 
But below the A-point the energy and entropy of He’ are 
considerably lower than those of He‘ in the same solution 
(4H;—AH,= —170 cal. mole). The entropy decrease per 


He? atom dissolved is equivalent to the entropy contents 
of about 50 He‘ atoms in pure liquid helium II, Ap ex. 
planation of this strange result is suggested by Tisza’s 
hypothesis that below the A-point helium may be cop. 
sidered to be a mixture of a “normal” and a “super. 
fluid” phase. The thermal data obtained lead to the con. 
clusion that the \-transition of pure He‘ might become a 
transition of first order in dilute solutions of He? in Het, 
On this basis, the effect of concentration of He* on the 
\-point has been considered. 





ECENTLY, Fairbank, Lane, Aldrich, and 

Nier' have measured the equilibrium con- 
centrations of He’ in the liquid and vapor phases 
of He‘. These measurements provide valuable 
information which can serve to calculate the 
energy and entropy of solution of He*® in He‘. 
Since the knowledge of energy and entropy is 
important for an understanding of the structure 
of these solutions, we thought it worth while to 
make an elementary analysis of these data. 


1. THERMODYNAMICS OF THE LIQUID- 
VAPOR EQUILIBRIUM 


Using the chemical potential «4 in the usual 
way,” we apply.the equation 


du;= —S8dT+V dp, (1) 


to the components in the liquid, under the 
condition that the composition of the liquid 
phase is kept constant. 8; is the partial molar 
entropy of component i (¢=3 for He® and +=4 
for He‘), 0; the partial molar volume, T the 
absolute temperature, and » the pressure. We 
assume that in the gas phase the two components 


* Work performed under Contract N7onr-455 between 
the Office of Naval Research and Duke University. 

1H. A. Fairbank, C. T. Lane, L. T. Aldrich and A. O. 
Nier, Phys. Rev. 71, 911 (1947) and 73, 729 (1948). We 
wish to thank Dr. Lane for sending us some of these data 
before publication. 


2 As, e.g., in F. H. MacDougall, Thermodynamics and 


. Chemistry (John Wiley and Sons, Inc., New York, 1939), 
third edition, Chapter X. 
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form an ideal solution, which is certainly justified 
below the normal boiling point of helium as the 
pressure becomes less than one atmosphere, If 
this assumption is valid we can write, using 
primes to designate quantities peculiar to the 
vapor phase, — 

ai =n” +RT Inx;,' (2) 


where yu,” is the chemical potential of the pure 
component 7 in the vapor phase, at a pressure 
equal to the total pressure p of the system, and 
where x; is the mole fraction of the component i. 
Differentiating this, and noting that yu,” will 
obey an equation similar to Eq. (1), we obtain 


du,’ =—_ S,“dT+ Vi'dp 

+R Inx,'dT+RTd(Inx;). (3) 
Since, for an ideal solution S§,’=S8;” —R Inx;,’ this 
may be written 


du,’ = —S8,'dT+V,“dp+RTad(Inx,’). (4) 


Applying dus=dy;’ (from us=us’, one of the 
conditions for equilibrium between liquid and 
vapor phases which continue to hold under a 
change of temperature) we find 


AS; =8;—8;' =(V3— V3")dp/dT 
—RTd \nx;3'/dT. (5) 
Applying dus=dy,’ we find 


AS,=8,-—8,/ = (V,- Vs")dp/dT 
—RTd \nx,'/dT. (6) 








y=. *. «4 -& fF - © © 


7 ~s As = —_ 


~~ > —_ ~*~ ee 
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We now assume that 


Vsdp/dT(= pV d(Inp)/dT) 


and 


Pdp/dT(=pV¥d(Inp)/dT). 


are small* compared to RTd(Inx3)/dT ; we assume 
also that Vs” =V.4", which seems reasonable for 
the vapor phase, and which, while not required 
thermdédynamically, is suggested by the assump- 
tion that the vapor phase is an ideal solution.‘ 
We also note that when the solution is very 
dilute in He* the last term in Eq. (6) becomes 
negligible. We may, therefore, write for the 
difference of entropy of condensation: 


AS;—AS,= —RTd(Inx;')/dT (7) 
or, for the difference in enthalpy of condensation : 
AA;—AAy=T(AS;—AS8,) = Rd(Inx;’)/d(T-). (8) 


Since H = —T7°*[0(F/T)/dT] and since the free 
energy F has to be continuous, it follows from 
(8) that x3’ has also to be continuous. 

In the case where the composition of the 
liquid phase is not kept constant, we may still 
make use of Eqs. (7) and (8), provided Henry’s 
law holds for the He*, which appears reasonable 
to assume at very low concentrations. We need 
merely to replace x3’ by Cy/C, the fraction of 
the concentrations of He* in the vapor and in 
the liquid phase. Thus if we plot log(Cy/C,) 
against 7-!, the slope should give directly 
(AA;—AA,)/2.3R. 


2. DISCUSSION OF THE MEASUREMENTS 


Such a plot is shown in Fig. 1. The measured 
values shown are the results of Fairbank, Lane, 
Aldrich, and Nier.! These values fall quite well 
along two straight lines which meet at the 
\-point (7,=2.19°K).5 From their slopes we 


*At the normal boiling point of He* we have for the 
liquid phase Pty cc atmos. mole; this is small 
compared to RT =82.1-4.2 =345 cc atmos. mole~'. Since 
experiment indicates that d Inx;’/dT is of the same order 
of magnitude as d Inp/d7, or greater, it seems reasonable 
to neglect the terms Vsdp/dT and Vidp/dT. 

‘See R. H. Fowler and E. A. Guggenheim, Statistical 
Thermodynamics (Cambridge University Press, Cambridge, 
1939), pp. 353. 

5 We have assumed that the measurements really dealt 
with a thermodynamic ee although the question 
may be raised as to whether evaporation from the super- 


fluid film carrying Het only could have falsified the results 
during the — below the A-point. According to a 
discussion with Dr. La 


ne it seems, however, that this effect 





obtain the following values for the difference of 
the enthalpies of condensation (compare, e.g., 


(8)): 
AA;—AA,=13+2 cal. mole for T> Ty, (9) 


AA;—AA,= — 168+20 cal. mole 
for T<T),. (10) 


The entropy difference, after subtracting the 
entropy of mixing, is given by 
AS;°—AS,° = (44; —AA,)/T 
+2.3R log(Cy/Cz). (11) 
With the above values we obtain 


AS;°— AS,° = 2.5 cal. deg! mole 
for T>T), (12) 


AS;°— AS,°= —80 cal. deg“ mole 
for T<T,. (13) 


Since we have used straight lines in Fig. 1 it 
follows that we obtain one constant for each 


slope. 
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Fic. 1. Equilibrium concentrations of He*® in Het in 
vapor (Cy) and in liquid (Cz) as function of 1/T. The 
dots indicate the measured values of Lane and co-workers 
(reference 1). 


could at most call for a correction of about 10 percent and 
could in no way account for the enormous decrease of the 
He’ concentration in the vapor phase below the A-point. 
In favor of our interpretation we may add the remark that 
if the measurements were very far from equilibrium condi- 
tions it would be a most improbable coincidence that the 
two curves of Cy/Cz should meet just at the A-point, 
the continuity of Cy/Cz being a requirement of thermo- 
dynamics, of course only for equilibrium concentrations. 
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Fic. 2. Partial molar energy and entropy of He* and 
He* in close neighborhood to the A-point. The zeros of 
the scales are chosen so as to coincide with the values of 
the entropy and energy of pure liquid He‘ at absolute 
zero. The energies in the gaseous state of He*® and Het 
are set equal. 


In Fig. 2 these results are represented in the 
form of energy- and entropy-level schemes taken 
closely above and below the A-point. We used 
the value of 22 cal. mole as heat of vaporization 
of He‘ near the A-point. 


3. INTERPRETATION OF RESULTS 


We consider first the value of AH;—AA,=13 
cal. above the A-point. It can roughly be ac- 
counted for by the different zero-point energies 
due to the different masses of the two isotopes. 
The zero-point energy in liquid He‘ has been 
estimated by one of us to be between 34 and 46 
cal. mole near absolute zero.* If we assume 
that the zero-point energy of He’ is given simply 
by multiplication of that of He* by 4/3, the 
ratio of the masses,’ we obtain a value between 
45 and 61 cal. mole. If this were the sole effect 
we would have A#;—AA,=13+2 cal. mole. 
The value derived from Lane’s measurements 


* F, London, Proc. Roy. Soc. A153, 576 (1936); J. Phys. 
Chem. 43, 49 (1939), 

7 We multiply by the ratio of the masses rather than by 
its square-root as for a harmonic oscillator because there 
is evidence that the field in which a helium moves, re- 
sembles a square-well potential energy more closely than 
a Hooke’s law field. See reference 6 and also M. E. Hobbs, 
J. Chem. Phys. 7, 318 (1939). 





F. LONDON AND O. K. RICE 


just fits into this interval. However, it is Not to 
be expected that it is the whole effect, since the 
entropy of He’ in solution is higher than that of 
Het by about 2.5 entropy units. This corres 

to a free volume of He* about 3.5-fold that of 
He‘ in the same solution. The exact reason for 
this difference is not clear. 

The values of AH;— AH, and As;°—As,° below 
the A-point are truly astonishing. If the value of 
AS;°—AS,°= —80 cal. deg! were to be inter. 
preted by a change of free volume, it would 
mean that He’ has a free volume equal to only 
10-" times that of the free volume of Het in the 
same solution. It seems absurd to imagine that 
such a difference in free volume could occur. We 
are practically driven to the conclusion that this 
is an effect of He® on the solvent, He‘, The 
presence of the He* must then be able to induce 
a change involving very many atoms of Het 
Since the entropy per mole He‘ below the )-point 
is smaller than 1.6 cal. deg-! while we obtained 
for AS;°—AS,°= —80, it follows that one single 
He’* atom must be able to “‘disentropize”’ about 
50 He‘ atoms. 

We may try to explain this effect by a simple 
mechanism which is suggested by the model 
proposed by Tisza* and F. London® of two 
inter-penetrating phases, a “normal” and a 
“superfluid” one in liquid helium below the 
A-point. A He* atom could presumably move 
without collision through the superfluid phase of 
He‘ but not through the normal one. If it found 
itself in a portion of the superfluid phase it would 
have an extremely long free path, and its zero- 
point energy would be low. It might thus be 
expected to draw around itself a small lake of 
superfluid He‘. This would mean that the 
presence of He* would cause the appearance of 
small globules of superfluid He* which would 
have abnormally small entropy (approximately 
zero, according to Tisza) and abnormally low 
energy. The question arises as to whether these 
globules of pure superfluid He‘ can be large 
enough to account for the large energy and 
entropy of dissolving of He*® below the d-point. 

Tisza has pointed out that the thermohydro- 


®*L. Tisza, Nature 141, 913 (1938); C. R. Paris, 207, 


1035, 1186 (1938); J. de phys. et rad. 1, 165, 350 (1940); 
Phys. Rev. 72, 838 (1947). 
* F, London, Phys. Rev. 54, 947 (1938). 
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dynamic effects can be explained by his model if 
one assumes that the normal He atoms in the 
liquid below the \-point have a sort of partial 
pressure, which may be measured by a semi- 
permeable piston which allows the superfluid 
helium, but not the normal helium, to pass 
through. 

Let us imagine a He® atom within a globule of 
superfluid helium acting much like such a semi- 
permeable piston, holding the normal He‘ atoms 
beyond a radius 7, but allowing the superfluid 
He‘ to pass into the sphere. The He’ atom, then, 
must exert an outward pressure to balance the 
partial pressure of the normal He‘ atoms outside 
r. Indeed it exerts such a pressure by virtue of 
its zero-point energy. Our idea is that the equi- 
librium of these two pressures determines the 
size of the globule and thus the number of 
normal He‘ atoms which are disentropized by 
one He’ atom. This is, of course, a very idealized 
picture. 

Since we are interested only in obtaining a 
rough estimate we shall make the calculation as 
though the globules were spherical and shall 
further assume that each one contains only one 
He’ atom. 

The zero-point energy of an atorh of mass m, 


radius a, which is locked within a spherical 


cavity of the radius 7, is 


h2 
E,= 


2, 14 
8m(r—a)? ue) 


Its zero-point pressure is given by differentia- 
tion with respect to the volume v= (41/3)r’ 





1 
pa -—=———_—._ (15) 
dv 4m(r—a)* 4rr? 

On the other hand, the thermal pressure 
exerted by liquid helium II on a semipermeable 
wall, behind which the pure superfluid is con- 
tained, is approximately given by '° 

p=4.6-10°T*-* dyn/cm?. (16) 


Thus, equilibrium is established for the radius 
ro given by equalizing the two pressures: 


h2 





=4.6-10°7* 6, (17) 
162mr,?(r9—a)® 


” F, London, Rev. Mod. Phys. 17, 310 (1945), Eq. (14). 
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or 


(ro—a) *ro? = 3.8 -10-85/T*-6, 


At T=2.1°K and for a=1.4A (range of the 
repulsive forces between helium atoms) one 
obtains the radius ro>=5.8A or the volume 
(4x/3)ro®=815A. The molecular volume of liquid 
helium is about 45A. Hence, there would be 
about 815:45=18 He‘ molecules in such a glob- 
ule. At 2.1°K the entropy of liquid helium is 
about 1.3 cal. deg? mole. Accordingly, we 
would be able to account for about 24 cal. deg 
mole of the 80 obtained by the evaluation of 
Lane’s experiments. 

The significance of this result might still be a 
matter of opinion, and we do not wish to push 
this particular picture unduly; it is to be taken 
merely as a tentative suggestion. In particular, 
it is still necessary to show why one should 
consider the zero-point energy of a He* atom as 
determined bythe space left free from the normal 
phase of He* alone, whereas we know that the 
zero-point energy of pure He‘ at 0°K is essen- 
tially determined by the space left between all 
He‘ atoms. 


4. INFLUENCE OF He’ ON THE 
\-TRANSITION OF Het 


The thermal data (9), (10), (12), (13), which 
we have derived from the vapor-liquid equi- 
librium consentration, can be used to calculate 
the effect on the A-transition of He* caused by 
the presence of He’. 

While it cannot be said with certainty, it 
appears to be strongly suggested, if one looks at 
the data assembled in Fig. 1, that the Cy/C;- 
curve has a discontinuous slope at the \-point. 
This, at any rate, lay at the root of our previous 
discussion of the measurements. This means that 
H;— Hi, has a discontinuity in the liquid phase at 
the A-point (9), (10), or rather that the solutions 
of He*® in He‘ will have a first-order transition 
instead of a A-point. The ¢ransition heat is 
directly given by (9), (10) to be about 180+20 
cal. per mole He’ dissolved. This is quite similar 
to the transition of a superconductor in a 
magnetic field, which also is a first-order tran- 
sition except for one point on the transition 
line, namely, for the magnetic field zero, where 
there is no transition heat, only a discontinuity 











of specific heat, quite as it is here the case in the 
(xs, T) plane for x3=0. 

Further, there might be an effect on the 
transition temperature. Our data enable us to 
calculate the coefficient (d7T/dx3)z3=<0, i.e., the 
change of the transition temperature with the 
concentration x;in the limit of very small 
concentration. 

Since we have a phase transition of first order, 
we may expect an equilibrium in which two 
solutions of He I and He II co-exist side by side 
(similar to the “‘mixed”’ state of superconductors 
in a magnetic field). The equilibrium concentra- 
tions, x3* and x3~, at a given temperature, will 
not necessarily be the same. 

We assume constant pressure. Then, according 
to (9), (10), (12), (13), the chemical potentials 
ut and w~ above and below the A-point may be 
written for small concentrations x3+ and x3": 


ust =y3"+AA3t+—TAS;++RT Inx3* 
= ps" +AAy*—TAS,++13 


—2.5T7+RT Inx;* 
= ps” + yg — py” +13 -—2.57T+ RT Inx3t; 
(18a) 
ps = ps” +408;- —TAS;-+RT Inx3;~ 
= ps" +AALS — TAS," — 168 
+807+RT Inx;- 
= ps” + yg? — pay” — 168+807+RT Inx37; 
eae +. 
Ma Ma RTx; ’ (18b) 


pa =p? — RT xs; 


where y4°* are the chemical potentials of pure 
liquid He* above and below the A-point, re- 
spectively, and yu3” and yu,” are the chemical 
potentials of pure He*® and Het‘ in the vapor 
phase, respectively. Since there is no discon- 
tinuity in the properties of the vapor phase, we 
do not need to distinguish between the values of 
uy” above and below the A-point. 

The conditions of equilibrium, 


ust (xst, T) =ps (xs, ah (19a) 
pat (xs, T )=ne-(xs-, T) (19b) 


furnish for small concentrations the following 
two equations: 


paot — py? = 82.5(T —T,) —RT In(xs*/xs-), (20a) 
pat — py? = RT (xt —x57). (20b) 
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We are only interested in the neighborhood of 
the A-point and call T—7T,=r. At the -point 
aa and du4°/dT = —S,° are both continuous al 
transition heat). Hence, for small r: 


1/07 uF =? 4° 
wat — py = - 7? 
2\ aT? oT? 





D 
=————-+7?, (21) 


where C,-—C,*+=7.6 cal. deg mole is the 
well-known discontinuity of the specific heat at 
the A-point (7, =2.19°K). Hence, 


pat — py? = (7.6/2-2.19) 7? = 1.7372, 


Accordingly, the two Eqs. (20a) and (20b) can 
be written in the form 


1.737? =82.5r—RT) In(xs+/xs-), (22a) 
1.737? = RT) (x3+—x3"). (22b) 
Eliminating x3+ gives the following equation for 
Zs: 
82.57 — 1.737? = RT) In(1+1.737?/xs-RT)), 


or for small 7: 


82.57 =1.737?/xs-. 


This equation has two solutions for 7: 


1. r=0 independent of x3-, 
2. 7 x3~82.5/1.73 = 48x53", 


to which belong, according to (22b), the following 
values of x3* 


1. x3st=x3", 
2. x3t =x3~+ (1.73/RT)) (48x37). 


However, only the first solution, x3+=x;-, r=0 
independent of x3*, can have physical signifi- 
cance; the other one, occurring at a higher 
temperature, would correspond to a return to 
He II, evidently the consequence of an illegiti- 
mate extrapolation of the free energy branch of 
He II to higher temperature. 


5. CONCENTRATED SOLUTIONS 


It is clear that we have to expect marked devia- 
tions from Henry’s law below the A-point as soon 
as the concentration becomes so large that the 
spheres of influence of the He* atoms (Eq. (17)) 
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have a chance to overlap. This will happen 
when x;~1/100. Obviously not more entropy 
than originally contained within the liquid Het 
can be taken away by dissolving He*. In other 
words, the difference AA; — AA, which below the 
\-point was found to be negative (Eq. (10)) for 
very small concentrations x3, should change sign 
and should become positive for larger xs. 
Moreover, it is almost certain that pure He’ 
cannot exist in a liquid phase at any temperature, 
at least not for normal pressure." Hence, if He* 
is present in abundance one will have a gaseous 
phase, which is practically pure He* below 1°K, 
in equilibrium with a liquid phase which is 
predominantly He‘, and it appears most ques- 
tionable whether solutions of much more than 
1 percent He*® could exist in the liquid phase. 
According to our ideas the Brownian move- 
ment of a He’ globule would essentially be deter- 
mined by the local state of motion of the normal 
phase of He‘, which is the one which carries most 
of the heat content. Hence, in the presence of a 
heat current in He II, the He* atoms will have to 
follow the direction of the heat transfer which 
below the A-point occurs through bodily transfer 
by motion of the atoms of the normal phase 
rather than by ordinary heat conduction. This 
can have a most disturbing effect on the estab- 
lishment of the vapor-liquid equilibrium. If, for 
instance, liquid helium is evaporated at constant 
temperature by pumping off the vapor a heat 
current is produced towards the surface. In this 
case the He*® atoms will be swept towards the 
surface where the concentration of He’ will be 
enriched eventually to the degree that the devia- 
tions from Henry’s law mentioned above become 
important and the He® can no longer remain dis- 
solved in the liquid phase and will evaporate. 
Observations which support this view have re- 
cently been communicated to us by Lane and 
"That He*® cannot exist in the liquid state at any 
temperature and normal —— appears most probable 
in view of the estimates of the zero-point energy of liquid 
He‘ in reference 6. Replacing this zero-point energy by 
one 4/3 times as large (see reference 7) one obtains a 
repulsion more than sufficient to compensate entirely the 
potential energy of the Van der Waals cohesion for any 
density assumed. The ‘difference in statistics is in this 


estimate not yet accounted for. Its consideration, of 
course, would still contribute in the same direction, 


will be published by him in the Physical Review 
in the near future. 


SUPPLEMENT TO SECTION 4 


Only after concluding the above paper we 
became aware that the deviations from Henry's 
law below the A-point predicted in section 5 
for larger concentrations may have an effect of 
first order on the change of the \-temperature 
with x; calculated in section 4. We may account 
for this effect by adding to u;~ a correction term 
linear in x3 which expresses an increasing antip- 
athy of He’ against being dissolved in liquid He* 
below the A-point as the concentration x; be- 
comes greater. 

Thus instead of (18a) we write now: 


Ms = us” + yg? wa” — 168+80T 
+RT Inx3-+ax;-. (18a’) 


The term ax3;~ in Eq. (18’) expresses a deviation 
from Henry’s law. One can easily show that a is 
directly given by: 


a =(0/dx3) In(Cy/C;). 


If the solubility of He* is to decrease monotoni- 
cally starting with the smallest concentrations, 
then a has to be positive. 

Accordingly we now obtain the equation 


1.737? =82.51 —RT In(xs+/xs-)+ax3-, (22a’) 


instead of (22a). Equation (22b) is obtained as 
before. 

Elimination of x3+ from (22a’) and (22b) yields 
now the following equation for small r and small 
ee 

1.731r?/x3- — 82.57 —ax3- =0 


with the solutions 
1/x3~ = 24+(576+a/1.73)!. 


The solution with the minus sign is the only one 
which has physical significance. It is the one 
which corresponds to the solution r =0 in section 
4. Accordingly we expect r/x3~ <0, i. e., a decrease 
of the \-temperature with increasing xs, if indeed 
our assumption a>0 of a monotonically de- 
creasing solubility is correct. 
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Electrical breakdown paths in the lithium halide crystals form star patterns consisting of 
12 paths of the type [xxy] where x2 y. The paths lie within the acute sectors of the (110) 
planes bounded by the directions [110] and [111]. 

The star assumes the [110] orientation at low temperatures and tends to approach the 
[111] position as the temperature increases. Under overvoltage conditions, complex [xxy] 
patterns are obtained; they show abrupt changes in orientation as the paths proceed through 
the crystal, but follow a definite sequence of directions. 

It is shown that, although the breakdown paths seem to mark those directions in which 
electrons can be accelerated most rapidly to the ionization potential of the lattice, the star 
paths apparently do not follow simply from an electron wave interaction with the lattice or 
from a statistical competition between breakdown in the [110] and [111] directions. 





I. INTRODUCTION 


T has been shown! that lithium halide crystals 
undergo electric breakdown in the directions 
[xxy] at elevated temperatures, and that the 
parameters x and y may be temperature de- 
pendent. The present, more detailed investiga- 
tion of the star patterns and a comparison with 
the breakdown paths obtained in other crystals 
give further insight into the mechanism of 
electrical breakdown. 


II. CRYSTALS 


The alkali halide crystals used in the following 
experiments were, in general, grown from the 
melt. Pure LiF crystals were obtained commerci- 
ally.*** CsCl and NaClO; crystals were grown 
by slow evaporation of the aqueous solution. 
Lil crystals could not be obtained because the 
material decomposes readily at its melting 
temperature. 


Ill. APPARATUS AND PROCEDURE 


A crystal section about 1 sq. cm in area and 
10 mils in thickness was placed between a 
metallic point-plane electrode system and im- 


* This research was made possible through support 
extended to the Massachusetts Institute of Technology, 
Laboratory for Insulation Research, jointly by the Navy 
Department (Office of Naval Research) amd the Army 
Signal Corps under ONR Contract N5-ori-78, T.O.I. 

** Present address, “4 y: Section, Naval Research 
Laboratory, Veingen, , © 

1J. W. Davisson, Phys. Rev. 70, 685 (1946). 

*** The Harshaw Chemical Company, Cleveland, Ohio. 
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mersed in an insulating medium which forced 
the breakdown to take place through the crystal 
instead of in the air over its surface. To yield 
paths that lie close to the surface and to limit 
the current at breakdown to such small values 
that fracturing is avoided, a glass microscope 
slide, which served as a series resistance, was 
inserted between the crystal and the plane 
electrode. With liquid insulating media, which 
were used up to 450°C (the boiling point of 
sulfur), each crystal section was subjected to 
numerous breakdowns of (+) and (—) polarity 
by shifting the point electrode. Above 450°C the 
crystals were heated in vacuum by radiation 
from an electric oven (Fig. 1). 

In the previous study! breakdown was effected 
by means of a high frequency spark discharge; 
hence the breakdown voltage was not known in 
magnitude or sign. For the present investigation 
a high voltage source was used which produced 
a pulse of known sign and rise time and a 
roughly controllable magnitude.f A 4-uf con- 
denser, charged up to 600 volts, was discharged 
through the primary of an induction coil by 
means of a thyratron. The high voltage pulse of 
50 kv max. and (10)- sec. front was rectified by 
means of a kenotron. Direct current breakdown 
tests were performed with a 50-kv voltage supply 
consisting of a conventional voltage doubler 
circuit with accompanying filters. 


t This unit was designed by D. Young, Laboratory for 
Insulation Research, Massachusetts Institute of Tech- 


nology. 
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Iv. GEOMETRICAL CONSIDERATIONS AND 
OPTICAL MEASUREMENTS 


The directions assumed by electrical break- 
down paths in the lithium halide crystals may 
be represented in terms of zonal parameters 
[usw] by the indices [xxy] where x2y. (The 
zonal parameters are the components of the 
path in the directions of the coordinate axes, 
that is, in the cube edge directions of Fig. 2.) 
The double indices xx require that the paths lie 
within the (110) planes, while the restriction 
x2y shows that they are confined to the acute 
sectors of the (110) planes bounded by the 
directions [110] and [111]. The indices of the 
12 paths, which comprise a complete [xxy] star 
pattern, are, according to macroscopic sym- 


metry: 
mye mye xx yx 


YxX XE yEx Yxx 


‘ 
8 


where the bar means that the designated index 
is negative and the underscore signifies that the 
same path directions represented by indices with 
negative signs are included. 

The pattern may be visualized as follows 
(Fig. 2): from the midpoint (0) of a (001) cube 
face four [110] face-diagonal directions are 
obtained by joining (0) with the midpoints P, Q, 
R, and S of the vertical cube faces. The two 
additional [110] directions are given by the 
surface diagonals U-U’ and V-—V’ which inter- 
sect at (0). The four [111] body diagonals result 
by joining (0) with the midpoints W, X, Y, and 
Z of the vertical cube edges. The (110) planes, 
determined by any two intersecting [111 ] direc- 
tions, are of two types: two vertical planes 
WUU'Y and XVV’F’ and four oblique planes 
OWX, OXY, OYZ, and OZW. The direction of 
a star path, since it lies within a (110) plane, 
may be specified by its deviation a from a [110] 
direction. A star pattern of given deviation a, 
centered at (0), consists of 12 paths directed 
towards A, A’, B, B’, C, C’, D, D’, E, E’, F, and 
F’. The four paths from (0) to E, E’, F, and F’ 
make a larger inclination angle with the vertical 
than the eight remaining paths. In terms of 
path indices the 4 paths from (0) to E, E’, F, 
and F’ are of the type [xxy] and the eight 
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remaining paths ‘are of the types [xyx] and 
[yx]. 

The star patterns, once it has been established 
that their loci are the (110) planes,tt are com- 
pletely determined geometrically by the projec- 
tion of their paths upon the cube face (Fig. 3). 
For all values of a the four paths from (0) to 
E, E’, F, and F’ will always project into the 45° 
lines and will hereafter be referred to as diagonal 
paths. The eight remaining paths, the “‘off- 
diagonal paths,’”-+however, will vary in azimuth 
¢ from 0° to 45° as @ varies from 0° for [110] to 
35.6° for the [111] orientation. (The deviation 
a and the azimuth ¢ are related by the expression 
v2 tana=tan¢.) It is apparent that the ratio 
y/x, which completely determines the geometry 
of the pattern, may be obtained directly from 
the projection figure by measuring the azimuth 
of the off-diagonal paths, since tan¢d = y/x. 

The breakdown paths obtained experimentally 
were examined under a stereomicroscope. Only 
those paths which showed no accompanying 
crystal fracture at 100X magnification were 
selected for measurement, unless otherwise 
stated. The azimuthal angle measurements were 
made with a petrographic microscope equipped 
with a translating and rotating stage. Although 
the azimuth is given relative to the cube edge 
directions, the diagonal breakdown paths in the 
45° positions were actually used as the experi- 
mental datum lines. This choice was dictated 
by the fact that the face diagonals are projection 
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Fic. 1. Breakdown in vacuum. A is the high voltage elec- 
trode; B, crystal sample; C, Aquadag coating; D, Chromel- 
Alumel thermocouple fused to B; E, ceramic base plate; 
F, 4 in.-X3 in.-cylindrical furnace; G, copper heat shield. 


tt Twenty-four path directions went cape if they 
were not confined to reflection planes. Detailed measure- 
ments of typical star patterns are presented in reference 1. 














Fic. 2. Geometry of an [xxy] star pattern. The star 
paths are directed from (0) to A, A’, B, B’, C, C’, D, D’, 
E, E’, F, and F’. 


paths of the star patterns and are therefore 
easily identified. 

The inclination angles of the paths were 
measured periodically to verify their [xxy] 
nature. The horizontal component of the path 
was obtained by means of a micrometer eyepiece 
while the vertical component was measured by 
the fine focus adjustment screw with allowance 
made for the index of refraction. The experi- 
mental error is about +1° for azimuth and +3° 
for the inclination angle. 


V. RESULTS AT MINIMUM VOLTAGE 
Lithium Fluoride 


The orientation of breakdown paths in LiF as 
a function of temperature and polarity is shown 





Fic. 3. Projection of an [xxy] star patterns upon the (001) 
plane, 
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in the projection diagrams of Fig. 4. The dia. 
grams are to be read as follows: the individual 
dots and crosses are representative of the orienta. 
tions observed for negative and positive break. 
down paths respectively. The radial lines show 
the average negative breakdown directions. 

The diagrams give the following information: 

(4A) At —70°C and below, only [110] paths 
are obtained with (—) and (+) d.c. and pulse 
voltages. The surface diagonals are not 
sented because [100] and not [110] surface 
paths were observed. 

(4B) At 0°C, (—) pulses yield [110] paths 
and a star of azimuth 10°; (+) pulses yielg 
only [110] paths. 

(4C) At 25°C, d.c. and pulse, (—) a 13° star 
and rarely [110] paths; (+) only [110] paths, 

(4D) At 50°C, pulse, (—) a 13° star; (+) 
[110] paths. 

(4E) At 100°C, pulse, (—) a 15° star; (+) 
[110] paths dominant with star paths appearing 
at various azimuths, which, however, are less 
than 15°. 

(4F) At 125°C, pulse, (—) a 15° star; (+) 
[110] paths are no longer observed; a star of 8° 
with large individual variations in azimuth is 
found. 

(4G) At 150°C, pulse, (—) a 19° star; (+) a 
16° star. Under equilibrium d.c. conditions 
metallic dendrites are formed. (See below.) 

(4H) At 250°C, pulse, for (—) and (+) a 21° 
star. Equilibrium d.c. yields dendrites, but with 
overvoltage star paths of 21° azimuth were 
obtained at 235°C. 

(41) At 300°C, a 23° star (Fig. 5). The 
crosses in Fig. 41 show the orientation obtained 
in the vacuum chamber (Fig. 1) and the dots, 
nearly coinciding, refer to breakdown observed 
with a liquid embedding medium. 

(4J) At 350°C a 25° star for (—) and (+) 
pulse voltage. 

(4K) At 450°C, pulse, (—) and (+) yielda 
star of azimuth 26°. Individual paths may attain 
azimuths as great as 30°. Even with a protective 
resistance [111] paths are frequently obtained 
especially with positive pulses. Only dendrites 
were obtained with d.c. 

(4L) Above 450°C the breakdown paths be- 
have as follows: 





















450°C 26° star and [111] 
510 [111] 

525 [111] 

550 [111] 

600 [110] and [111] 
650 [110] 

700 [110] 

800 random 


No difference in the physical appearance of the 
(+) and (—) patterns was observed. The paths 
are generally straight (Fig. 5) but those of the 
same orientation in a single specimen may not 
be strictly parallel. At 250°C, for example, the 
following set of azimuths was obtained: 18.6°, 
21.5°, 20.5°, 21°, 21°, 18.5°, 19°, 19°, 21°, 18°, 
20°, 19°, 18°, 19°, even though the individual 
paths were straight and showed no initial 
bending. 

The influence of temperature was also similar 
for both polarities, but the positive patterns were 
retarded in azimuth with respect to the negative 
in the low temperature range. An increase of 
temperature in the range from 0°C to 450°C 
tended to shift the patterns towards [111]; a 
discontinuous jump from an azimuth of about 
26° to 45° ([{111] paths) seemed to occur near 
450°C. The [111] paths appear between 450°C 
and 600°C, while above 600°C [110] paths were 
again observed. Complete star patterns most 
readily form between 200°C and 500°C, while at 
room temperature usually one or two paths 
appeared. Above 600°C stunted patterns similar 
to Fig. 6 were obtained. 

Confirming von Hippel’s conclusion? the same 
breakdown directions appeared in oblique crystal 
cuts. In (110) sections, for example, paths at 
four different angles of inclination were observed. 
Since a [110] direction is vertical, two paths 
deviated from the vertical by 13° at room 
temperature. 

Results obtained in thin sections (2 to 3 mils) 
suggest that a thickness dependence of path 
orientation may exist. This was particularly 


noticeable at low temperatures. Under d.c. 


conditions at — 170°C the paths in thick sections 
tended to start initially with large azimuths and 
to straighten out almost immediately into the 


* A. von Hippel, Zeits. f. Physik 75, 145 (1932); Zeits. f. 
Elektrochemie 39, 506 (1933). 
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[110] direction. In thin sections, however, the 
initial change in azimuth took place more slowly 
with the result that the paths presented a curved 
aspect tending towards, but usually not attain- 
ing, the [110] direction. 


Lithium Chloride 


The breakdown behavior of LiCl is shown in 
Fig. 7: 

(7A) At —170°C, d.c. and pulse, (+) and 
(—), [110] paths dominant. 

(7B) At 25°C, with overvoltage (see below), 
paths appear at all azimuths from 0° to 30°. 

(7C) At 25°C, pulse, (—) a 10° star dominant; 
(+) [110] dominant. 

(7D) At 100°C, pulse, (—) a 20° star; (+) a 
15° star. 

(7E) At 150°C, pulse, (—) and (+), azimuths 
ranging from 20° to 30°. Direct current yielded 
white metallic dendrites that lacked orientation. 

(7F) At 200°C a star pattern of azimuth 30°. 

(7G) At 300°C a path orientation was poor; 
path development extended only a short distance 
from the probe with maximum azimuth 30° 
(Fig. 6). 

(7H) At 450°C, same as G but orientation is 
less definite. 

The star patterns in LiCl shifted more rapidly 


Fic. 4. Orientation of breakdown paths in LiF. 












Fic. 5. Negative star in LiF at 300°C. 


with increase of temperature than in LiF until 
they attained an azimuth of about 30° at 200°C. 
Thereafter the azimuth no longer changed with 
increase of temperature and hence LiCl did not 
yield [111] paths at elevated temperatures. The 
paths in LiCl showed a more pronounced ten- 
dency than in LiF to bend near the electrode and 
to give a wider spread of breakdown directions 
at constant temperature. 


Lithium Bromide 


The behavior of breakdown paths in LiBr is 
shown in Fig. 8: 

(8A) At —170°C [110] dominant for d.c. and 
pulse. Paths appeared also at an azimuth of 15°. 

(8B) At —60°C [110] dominant. 

(8C) At 25°C average azimuth of 12° for d.c. 
and pulse. 

(8D) At 100°C, pulse, (+) and (—), a 25° star 
(azimuth varied from 20° to 30°). 

(8E) At 150°C a 30° star pattern was formed. 
The paths began to show a lack of definiteness 
in orientation and from time to time paths of 
lower azimuth appeared. Direct current yielded 
random dendrites. 

(8F) At 200°C and above only stunted pat- 
terns of Fig. 6 were formed. A maximum azimuth 
of about 35° has been observed. 

The behavior of breakdown paths in LiBr was 
very similar to that of LiCl. 


RESULTS FOR OVERVOLTAGE 


The patterns considered above were obtained 
under voltage conditions just sufficient for break- 
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down path formation. We know from the work 
of von Hippel? that path directions wil] change 
if excessive voltage is applied. Such overyo} 
was produced by three methods: (1) as single 
pulses from the pulse generator described above: 
(2) as rectified voltage pulses from a leak testes 
that was drawn rapidly over the crystal surfage. 
(3) as excess d.c. voltage on a probe which on 
lowered through oil towards the sample untij 
breakdown occurred. 

The overvoltage patterns obtained differed jp 
complexity but showed the same sequence of 
path transitions. The most complex patterns 
were obtained in LiCl and LiBr by method (2), 
The (100) projection of a typical one is shown ip 
Fig. 9, the thermal dependence of the patterns 
in Table I. The transformations involved only 
the off-diagonal paths. An initial star was formed 
whose azimuth increased with decrease of tem- 
perature. This star transformed abruptly into 
the [110], or nearly [110], directions and these 
in turn transformed into a 30° star. The 30° 
paths usually transformed by means of a smooth 
curve in LiBr (Fig. 10) or by discontinuous 
jumps yielding a spider leg-like pattern in LiC 
into the orientation of normal breakdown. 

When methods (1) and (3) were used, the 
overvoltage pattern always began at a later 
stage of development than in the above. A star 
with an azimuth in excess of that of normal 
breakdown, but not exceeding 30°, usually re- 
duced ,azimuth smoothly in LiBr and discon- 
tinuously in LiCl until the normal breakdown 
direction was attained. In LiF overvoltage fre- 
quently yielded [111] paths at room temperature 
















Fic. 6. Typical heat degeneration of: 30° patterns in LiCl 


and LiBr. 
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Fic. 7. Orientation of breakdown paths in LiCl. 


and above; whereas in LiCl and LiBr [111] 
paths were never observed under normal condi- 
tions and with excess voltage only at —170°C in 
conformity with the orientation of the initial 
star with temperature. LiF does, however, ex- 
hibit a discontinuous reduction in azimuth from 
30° to normal breakdown as shown in Table I. 


METALLIC DENDRITES 


Dendrites were first observed by von Hippel* 
in the alkali halide crystals. They constitute a 
metallic (Na metal in NaCl, etc.) extension of 
the cathode within the crystal. The metallic 
growths, which form when moderate d.c. fields 
are impressed at elevated temperatures, fre- 
quently assume a definite crystallographic orien- 
tation; thus [111] dendrites appear in NaF, 
[100] and [110] in NaCl, etc. 

In the lithium halide crystals the dendrites 
seemed to form at lower temperatures than in the 
other alkali halide crystals. In LiF they appeared 
(Fig. 11) as delicate pink growths resembling 
sea weed. Their intricate structure, which dis- 
tinguishes them from the dendrites in the other 
alkali halides, may be due to a tendency to grow 
along star path directions. In general, it was not 
possible to assign lattice directions to the struc- 
ture because it grows by the formation of a 
series of blobs, but, at times, a definite [110] 
orientation was noticed. All the dendrites grew 
(slowly compared with breakdown paths) from 


the cathode even when the point electrode was 


*A. von Hippel, Zeits. f. Physik 98, 580 (1936). 
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rendered positive. Frequently the dendrites 
which were formed under excess d.c. voltage 
conditions terminated in breakdown paths as 
they approached the anode surface.* 

Von Hippel has concluded‘ that the dendrites 
are probably electronic and not electrolytic in 
origin. It is thus possible that the dendrites and 
breakdown paths were formed by similar pro- 
cesses. It is of interest to note that the orientation 
of dendrites and breakdown paths was not 
necessarily the same at a given temperature. 


SUPPLEMENTARY OBSERVATIONS ON 
RELATED CRYSTALS 


Sodium Chlorate 


It was shown previously! that sodium chlorate 
also yields star patterns. This crystal belongs to 
a different symmetry class and possesses a more 
complex structure than the lithium halides. The 
following results were obtained: at 200°C in 3 
samples for (+) and (—) voltage precise star 
patterns of azimuth 18°; at 100°C and at 25°C 
a star of azimuth 22.5°; at —60°C and at 
—170°C [111] paths at an azimuth of 45°, also 
paths at azimuths 12°, 18°, and 22.5°. Inclination 
angle measurements show that the paths ob- 
served were again of the type [xxy] with x2 y 
to an accuracy of 3°. 


Sodium Fluoride 


The path orientation in LiF with increasing 
temperature is represented by the scheme: 


[110 ]—[xxy ][111]. 


This behavior is at variance with the results 
obtained in NaF! which showed the [111] paths 


aes ‘ * 


Fic. 8. Orientation of breakdown paths in LiBr. 











*A. von Hippel, J. App. Phys. 8, 829 (1937). 
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TABLE I. Overvoltage patterns. 








I. LiBr (+) and (—) 
—170°C 45°[111] paths 


(25°C 23°—>0°—>30°—>12° 

100°C 20°—>0°—>30°—>22° 

150°C) 13°—>0°—>32°—»28° 

300°C) 0°—>30° 

II. LiCl (+) and (—) 
°C) 10°———+>30°—>17°—>10°—>18° 
25°C 18°—>0°-—>30°—+0° 
(100°C) 14°—> 0°» 30°-—+12°-+ 17° 
III. LiF (—) : 
(25°C) 30°—>15°—>0°-—+-9°—+ 12° 


Azimuth 0°=[110] 








at low and the [110] paths at high temperature. 
The orientation of the paths in NaF as a function 
of temperature was therefore rechecked and 
confirmed. 

For both polarities the tendency of breakdown 
path orientation in NaF changed from [111] at 
—170°C to [110] at 200°C. The [110] paths 
were still observed at 700°C. In spite of numerous 
tests in the intermediate temperature range, no 
indication of star paths was noticed; in every 
case both [111] and [110] paths were observed. 
With overvoltage, especially of negative sign, 
[100] paths accompanied by incipient (100) 
cleavage fractures were obtained at all tempera- 
tures investigated. 


Cesium Chloride 


Below 450°C cesium chloride has a body- 
centered cubic lattice. The dominant breakdown 


Ni 


Fic. 9. (001) projection of the overvoltage pattern in LiCl 
at 25°C. 


W. DAVISSON 













direction from —170°C to the transition temper. 
ature proved to be [111]; in addition, wit, 
overvoltage, [100] paths were observed. 


DISCUSSION 


The experimental results presented in this 
in the preceding paper’ show that all the face. 
centered alkali halide crystals exhibit a thermal 
dependence of breakdown path orientation, Ajj 
the halide salts of a given alkali atom show the 
same type of transformation. Except in the 
lithium halides the paths are confined to the 
three basic directions [100], [110], and [111], 
In addition, random paths are observed at low 
temperatures in salts with low lattice energies, 

The general behavior of breakdown paths may 
conform to the following mechanism.® Assuming 
that the paths result from local melting of the 
crystal by electronic avalanches, they mark those 
directions for which the conduction electrons 
can most readily be accelerated by the applied 
field to ionizing velocities. These directions will 
depend upon the interaction of the electronic 
wave-length and charge with the lattice. In a 
given direction the periodic lattice alternately 
transmits and reflects an electron as its velocity 
increases. Conversely, for a given wave-length 
the lattice is transparent in some directions and 
reflecting in others. During acceleration, since 
the wave-length is changing, first one and then 
another direction will become transparent, and 
the direction finally observed is the one in 
which the electron moved the greatest distance 


Fic. 10. Reduction of 30° star LiBr 25°C. 


5 A. von Hippel, Trans. Faraday Soc. 42A, 78 (1946). 














between the ionization acts. Under normal 
breakdown we may expect to observe only one 
direction at each temperature, but with excess 
voltage a sequence of directions would be ex- 

ted. The results obtained with overvoltage 
suggest that the patterns correspond to a de- 
celeration of fast electrons near the probe into 
the crystal, since the final orientation corre- 
sponds to that of normal breakdown. In a sense 
the path directions mark the converse of Brillouin 
zones, because the zones represent regions of 
total reflection. 

If the above mechanism is correct, it would 
seem that the star paths do not correspond to 
directions which may be derived by a simple 
wave interaction picture. One notices that the 
three basic breakdown directions [100], [110], 
and [111] correspond to the three largest inter- 
planar spacings or the three shortest interatomic 
distances in the lattice. If higher order paths 
are observed, the types [102], [112], and [123], 
etc. would be next in line in the sequence of 
interplanar spacings. However, only paths of 
the type [xxy] where x2 were observed and 
none of the above fall into this category. 

It is possible to account for the geometrical 
locus of the patterns in the lithium halide crystals 
by assuming, as von Hippel has suggested,ftft 
that the star paths may result from a competition 
in breakdown between the [110] and [111] 
directions. Because the distance between ionizing 
impacts may be very short, a statistical average 
direction would be observed macroscopically. 

According to such a mechanism of competition 
the path orientation should follow a simple 
statistical distribution law. A careful examina- 


ttt In discussion with the writer. 
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Fic. 11. Metallic dendrites in LiF at 200°C. 


tion of the (+) breakdown paths in LiF at 25°C, 
however, did not show this. A count of paths in 
six crystal sections placed less than 1 path in 
100 of those not falling in [110] directions at 
azimuths between 1° and 9°. Most of the paths 
lay between 10° and 13° and a few appeared at 
greater azimuths, while on a statistical basis one 
would expect paths at all angles from 0° to 13°. 
The orientations observed in the overvoltage 
patterns, which are reproducible and which 
follow the same sequence in each of 8 branches, 
are also difficult to explain in terms of a sta- 
tistical breakdown mechanism, but seem to 
reflect an underlying order. 

It is hoped that further work may definitely 
establish the role of the star pattern in the 
breakdown process. 
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Neutron Deficient Isotopes of Rhodium 
and Palladium - 


M. LINDNER AND I. PERLMAN 
Radiation pret | and ym of Chemistry, 
University of California, keley, California 
April 5, 1948 


S a part of an investigation being carried out on the 

nuclear reactions resulting from the irradiation of 
antimony with high energy particles (200-Mev deuterons), 
it became of interest to examine the products some 20 
mass units below the target nucleus, that is, around mass 
number 100. This region covers heavy isotopes of Mo and 
Tc, stable isotopes of Ru, and light isotopes of Rh and Pd. 
It was not possible to isolate chemically the rhodium frac- 
tion from the complex mixture of reaction products, but 
the palladium fraction could be purified in good yield. 
The decay curve was too complex to resolve accurately 
as it was proved to consist of at least six different palladium 
activities and a similar number of daughter activities 
growing in with a considerable spread of half-lives. By 
periodically isolating from the palladium the silver and 
rhodium daughters, a considerably better picture of the 
species present could be: obtained. For example, silver 
fractions removed at intervals proved the presence of 
palladium §--emitters as part of the following isobar 
pairs: 13-hr. Pd!®-40-sec. Ag!®*, 26-min. Pd"'~7.5-d. Ag™', 
21-hr. Pd**—-3.2-hr. Ag™. In similar manner the presence 
of two new neutron deficient isotopes of palladium was de- 
duced by removing rhodium daughters periodically. The 
rhodium so obtained could be resolved into half-life 
periods suggestive of two activities reported by Sullivan, 
Sleight, and Gladrow' as 21-hr. Rh’ and 5.9-day Rh’. 
These activities were formed from palladium at rates 
corresponding to half-lives of ~4 days for the parent of 
Rh’ and ~10 hr. for the parent of Rh™, 

In order to better characterize these isotopes tenta- 
tively assigned to Pd and Pd, they were prepared in 
another manner. It was estimated that 50-Mev deuterons 
on rhodium (Rh!) should promote (d,4n) and (d,5”) re- 
actions in good yield and minimize the yield of Pd'!® 
(d,2n reaction). Furthermore Pd®* would probably have a 
half-life too short to interfere with the measurements and 
Pd* could probably not be reached at this energy. The 
palladium §--emitters could, of course, not be made by 
irradiating rhodium. 





VOLUME 73, 


1202 











NUMBER 10 MAY 15, 194, 


A thin rhodium metal foil was bombarded with 50-Mey 
deuterons in the 184-inch cyclotron, the rhodium was dis. 
solved by KHSO, fusion, and the palladium fraction was 
removed by precipitating palladium dimethylglyoxime 
from slightly acid solution. 

The palladium fraction proved to contain the ACtivities 
that were sought, and the resolution into the components 
was accomplished by methods described below. The pal. 
ladium contained three activities, of half-lives 9 hr, 40 
days, and 17 days. Rhodium which was removed from the 
palladium showed a 4.3-day period which is the daughter 
of 9-hr. Pd and a 19.4-hr. Rh daughter of the 4.0-day pg, 
The 57-min. Rh'** daughter of 17-day Pd! was not ob- 
served because of the low yield of Pd'* and the unfavorable 
conditions for detection. Since the rhodium isotopes are 
probably the same as those reported by Sullivan, Sleight, 
and Gladrow' from deuterons on ruthenium, and since the 
present measurements are not in disagreement with the 
isotopic assignments made by them, the decay chains 
may be summarized: 


9 hr. 4.3 da 
Pdi. ————> Rh! ——> Ry 
4.0 day 19.4 hr. 


Pd1% ———> Rh! ———> Ry!0, 


9-hr. Pd'",.—From the ratio of x-rays to positrons it 
was estimated that this isotope decays ~90 percent by 
orbital electron capture and ~10 percent by positron 
emission. The positron energy was measured as 2.3402 
Mev with -a low resolution beta-ray spectrometer. No 
electrons or y-rays were seen. The half-life as determined 
in three different ways gave values from 8 to 10 hours, 
The positron decay was measured directly using the spec- 
trometer; the decay was determined indirectly by the rate 
of decrease in amount of 4.3-day Rh'™ which grew into 
the palladium fraction, and the x-ray decay curve showed 
this component when corrected for the growth of 19.4-hr, 
Rh?®, 

4.0-day Pd'.—After the decay of 9-hr. Pd’, the half- 
life for Pd! was determined by removing the rhodium 
isotopes which had grown and, following the decay after 
the 19.4-hr. Rh’, again came to equilibrium. Absorption 
data taken soon after rhodium removal showed no appreci- 
able amount of electrons. In the electromagnetic radiation 
were found x-rays characteristic of the region, a hard 
gamma-ray of about 1.8 Mev (lead absorbers), and a soft 
gamma-ray of 90 kev (lead, aluminum, and silver ab- 
sorbers). This isotope apparently decays entirely by 
orbital electron capture. 

4.3-day Rh'.—Rhodium removed from palladium con- 
tained only the 4.3-day Rh'™ after the 19.4-hr. Rh! had 
decayed. Using lead absorbers, a 0.35-Mev gamma-ray 
was detected, as were K x-rays characteristic of the rho 
dium region. Measurement with the spectrometer showed 
no positrons, but a line of electrons was observed which 
could have arisen from K-shell conversion of the 0.35-Mev 
gamma-ray. If so, the measured abundance of electrons 
indicated ~10 percent conversion. 

19.4-hr. Rh'.—This rhodium isotope could be removed 
from the palladium fraction which had been purified fol 
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lowing the decay of 9-hr. Pd", Positrons of 3.0 Mev and 
conversion electrons of 0.6 Mev were determined with the 
spectrometer. Lead absorption curves taken on samples 
in which the electrons and positrons were taken out with 
beryllium showed characteristic x-rays and a 1.2-Mev 
y-ray. In comparing the yield of positrons and x-rays, it 
was estimated that the decay proceeds ~5 percent by 
positron branching and ~95 percent by orbital electron 
capture. Gamma-rays corresponding to the 0.6-Mev elec- 
tron as well as annihilation radiation were apparently in 
too low abundance to be seen readily. 

Cross sections for the formation of the palladium iso- 
topes from rhodium with 50-Mev deuterons could only be 
approximated principally because of uncertainties in the 
deuteron beam strength and in the target geometry with 
undeflected beam. Values are based on yields of x-rays and 
relative to each other are probably considerably more 
reliable than the absolute values. 


Product Reaction o(cm?* X 10") 
Pd'® (17 day) d,2n 0.0024 
Pd! (9 hr.) d,An 0.24 
Pd! (4.0 day) d,5n 0.28 


The cooperation of Dr. Duane Sewell, Mr. J. T. Vale, 
and the 184-inch-cyclotron group is gratefully . ac- 
knowledged. 

This paper is based on work performed under Contract 
No. W-7405-eng-48 with the Atomic Energy Commission 
in connection with the Radiation Laboratory of the Uni- 
versity of California, Berkeley, California. 

1W. H. Sullivan, N. R. Sleight, and E. M. Gladrow, Rhodium Radio- 


isotopes Induced in Deuteron-Bombarded Ruthenium, Declassified Plu- 
tonium Project Report No. MDDC-918. 





Telluric Bands of Methane in the 
Fraunhofer Spectrum 


ROBERT R. MCMATH, ORREN C. MOHLER, AND’ LEO GOLDBERG 


McMath-Hulbert Observatory of the University of Michigan, 
Lake Angelus, Pontiac, Michigan 


April 2, 1948 


N an earlier communication,' the writers described pre- 

liminary results obtained from a high resolution re- 
cording of the solar spectrum between 1 and 2y. This 
initial investigation was carried out with a spectrometer 
consisting of a Cashman PbS cell employed in conjunction 
with a 15,000-line plane grating and 25-foot focal length 
lens arranged in Littrow fashion. Sunlight was imaged on 
the spectrometer slit by a 12-inch by 50-foot achromat 
mounted in the 70-foot McGregor tower of the McMath- 
Hulbert Observator. 

Beginning in October, 1947, the lens optics were elimi- 
nated by the installation of a four-mirror Pfund-type 
spectrometer, employing a 15,000-line plane reflection 
grating loaned by the Mt. Wilson Observatory. The grating 
was specially ruled to produce a high concentration of 
energy in the green fourth-order spectrum. The over-all 
focal length of the spectrometer is 234 feet, Also, the ob- 
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jective lens in the solar tower was replaced by a Cassegrain 
reflecting telescope of 10}-inch aperture and approxi- 
mately 45-foot focal length. With this arrangement, the 
solar spectrum has been mapped with greatly improved 
resolution from 1 to 2.54. The spectrum was registered in 
the form of direct-intensity tracings by a Speedomax re- 
corder, giving a dispersion of about 1.25 wave numbers 
per centimeter on the tracings. The slit width employed 
varied from 0.04 cm= at 1.6u to 0.07 cm™ at 2.2,. 

The new solar map contains not only a wealth of solar 
atomic lines but also numerous well resolved band struc- 
tures originating in the earth's atmosphere. Of particular 
interest is a band system centered at 6003 cm™, or 1.6660,, 
which appears to be due to absorption by atmospheric 
CH, molecules. This feature is clearly shown on many 
tracings, the first of which was obtained in August, 1947. 
The band consists of a zero branch in which 10 components 
are clearly shown, a positive branch made up of 11 com- 
ponents, and a negative branch showing 8 members. A 
tracing of the central Q-branch, together with the first 
two members of the P- and R-branches, is shown at the 
bottom of Fig. 1. 

The 1.664 band of methane has been investigated in the 
laboratory by Moorhead? and by Norris and Unger,* with 
relatively low resolution. On the laboratory tracings the 
zero branch is unresolved and, according to Norris and 
Unger, appears sharp and intense, with a slight broadening 
on the low frequency side. The observed broadening sug- 
gests that the line spacings in the Q-branch increase toward 
the low frequency end of the band, which is confirmed by 
the Lake Angelus tracings. The line spacing in the P- and 


4217 u+y, 


4313 YrY, 





6002 2% 
CH,’ BAND CENTERS 


Fic. 1. Band centers of the CH« molecule in the absorption spectrum 
of the earth's atmosphere. The central vertical lines correspond to the 
listed wave numbers. The small circles in the lower tracing mark the 


Q-1, 1-2, 2-1, and 3-2 lines of the 2»; band, 
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R-branches increases regularly with decreasing frequency, 
the extreme limits being 9.6 and 11.8 cm™'; but the average 
value, 10.6 cm™, agrees exactly with that found in the 
laboratory. Of further interest is the absence of the first 


A Possible Influence of the Moon on 
Recurrent Geomagnetic Activity 


Ottver R. WULF AND SETH B. NICHOLSon 


member of the P-branch, which is also missing from the Pele ere ee = ae ae Observatory, California st 

laboratory spectrum. w 
The only important source of disagreement between the ier tendency for magnetic activity to recur at 21. 

laboratory and solar observations lies in the wave numbers’ day intervals has suggested the rotation of the sun m 

of the band components, which are systematically 3 cm=! 8 the cause and has led to extensive studies to discover in 

lower than those given by the laboratory measurements. What solar features may be associated ‘with the terrestrial 

In view of the much higher resolution obtained with the ™agnetic activity. Recently we have given evidence! for of 

solar spectrometer, the discrepancy is perhaps to be ex- 4 connection between the appearance of patches of bright tt 

pected. Infra-red wave-lengths at Lake Angelus are de- flocculi at the east limb of the sun and the relatively o 

termined, by use of overlapping orders, with respect to recurrent onsets of terrestrial magnetic activity in 1943-44 

visual Fraunhofer lines whose wave-lengths are known We now wish to call attention to a correspondence between th 

with high precision. In this way, the wave-lengths of infra- certain recurrent magnetic activity and the moon's be 

red lines can be determined with an error appreciably less declination. - 

than 0.1 cm=. Such 27-day recurrent magnetic activity is not always = 
As a check on the identification of the 1.66% band, a conspicuous. It can be readily seen in several series from th 

search was made for additional zero branches of the meth- 1930 to 1933, which are portrayed in Fig. 5 of reference = 

ane spectrum observed in the laboratory‘ at 4216, 4313, 1.* The first series shown there began with the abrupt ; 

and 4546 cm~!. Three prominent features were found close onset of February 12, 1930. The ten onsets in this series ’ 

to the expected positions, as shown in Fig. 1. (designated by +’s) came within two days after the dates ™ 
Very recently, Migeotte’ has observed 14 regularly of maximum northerly declination of the moon. 

spaced and intense lines in the 3.4u region, which he In the second series, which began on April 19, 1930, 

ascribes to atmospheric methane. The spectroscopic evi- the eight onsets (designated by e's) came within one day 

dence for the existence of methane in the earth’s atmos- of maximum southerly declination of the moon. 

phere therefore seems conclusive. In the third series, beginning on November 24, 1930, I 


A preliminary analysis of the 1.664 band indicates a 
high order of agreement with the theory of the CH, mole- 
cule as developed by D. M. Dennison and others.* The 
details of the analysis will be published in the Astro- 
physical Journal. We wish to acknowledge the helpful 
advice of Professors E. F. Barker and D. M. Dennison of 














the eight onsets (designated by diamonds in Fig. 5—1) 
came within one day of maximum southerly declination. 
In the fourth series (designated by X’s), beginning on 
June 26, 1931, the onsets came three and then four days 
before the moon's maximum southerly declination. Di- 
rectly following, there is a series, not designated in Fig. 5—1 





the University of Michigan. but readily seen, with onsets on November 13 and De neg 
cember 10, 1931, January 7, February 3, March 2, March cor 
2 J. G, Moorhead, Phys: Rev, $0.83 rt eee ee 28, April 22, and May 21, 1932, all of which occurred the 
(oe ee ea PAL, ey Le rs ae cee. within two days of the dates of maximum southerly bee 
:M. V. Migeotte, Phys. Rev. 73. Lj declination of the moon. Early in the long fifth series, wo! 
— — : = : designated by triangles and beginning with November 4, ma 
1931, the onsets came four days after maximum northerly wh 
declination of the moon, but the lag decreased as the series anc 
progressed until at the end it was only one day. Yai 
Errata: Second-Order Corrections to The onsets ef the three conspicuous mounds of activity me 
Quadrupole Effects in Molecules in 1933 designated by squares in Fig. 5—1 occurred on the cre: 
(Phys. Rev. ¥3, 627 (1908)) dates of maximum southerly declination of the moon. reat 
J.B cio a ©. 2 Dee In 1943-44 the onsets of the main series of mounds of in t 
Bell Telephone Laboratories, Murray Hill, New Jersey activity, shown in Fig. 1 of reference 1, generally came A 
t . near maximum northerly declination of the moon while fact 
— right-hand side of Eq. (1) should read: those of the other series came near maximum southerly seri 
declination. The onsets in the main series lagged behind all 
3eqQK 2 K? maximum northerly declination in the middle of the is t 
(epee NTT (1-aay) = by opted aa days, but ny ooh as aaa one . disc 
n a well defined series which an about January 29, thec 

ye PERF 1) — 1041) — ST +2)P 1923, seven consecutive onsets all came two days or les of 
(2J-+1)(2J+3) before the dates of the moon’s maximum northerly inde 
X(I+J+F+2)(J+F-I+1)I+F-J)(J+I—F+1). declination. = one 
Th dit eile Mh tate at Other series can be found throughout the years in which orde 
e second line on the right of Eq. (2) should read: the onsets do not come near the dates of maximum declina- into 


[1—(K2/(J+2))JC1/(2I+1)(2I+5)]. 





tion of the moon but they appear to be less prominent 
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than those that do. There are also years in which the whole 
tendency toward a few well marked series is not pro- 
nounced. In the years 1930-33, when 27-day recurrent 
series were conspicuous, the moon's maxima in declination 
were near 28°, the maximum in the 19-year cycle. 

The intervals in the above series approximate 27 days 
more closely than they do the intervals between the max- 
ima of lunar declination. 

The above correspondences do not suggest that solar 
effects are unimportant in magnetic activity but only 
that the moon may be a factor in determining when such 
conspicuous 27-day series occur. 

If this latter be true, the mechanism may be related to 
the fact that the tidal air mounds, which are constantly 
being raised under the moon as the earth rotates on its 
axis and as the atmosphere circulates over the earth's 
surface? have their greatest asymmetry with respect to 
the equator when the declination of the moon is a 
maximum. 


10. R. Wulf and S. B. Nicholson, Pub. A.S.P. 60, 37 (1948). 

2 Hereafter referred to as Fig. 5-1. 

30. R. Wulf, J. Terr. Mag. 50, 185 (1945); O. R. Wulf and S. B. 
Nicholson, ibid 52, 175 (1947). 





Decay of Negative Mesons in Light Elements 


A. MARCH 


Institute for Theoretical Physics, University of Innsbruck, 
Innsbruck, Austria 


April 2, 1948 


CCORDING to investigations of Conversi, Pancini, 

and Piccioni,! decay electrons are observed when 
negative mesons are stopped in carbon. This is in sharp 
contradiction to all expectations. For according to the 
theory one should think that when a meson, after having 
been sufficiently slowed down, is captured by an atom, it 
would be absorbed by a nucleus in a time of the order of 
magnitude 10~ sec. after it has reached the K-orbit, 
whereas the decay requires about 10~* sec. Thus theory 
and experiment differ by a factor 10-*. Sigurgeirsson and 
Yamakawa? obtained the same result for other light ele- 
ments; they found that the probability of capture in- 
creases gradually with increasing atomic number and 
reaches the value for the probability of radioactive decay 
in the neighborhood of Zo~10. 

A discrepancy between theory and experiment by a 
factor 10" creates for the current nuclear theories a very 
serious situation. Unless we are prepared to admit that 
all we believe we know about mesons and nuclear processes 
is thoroughly wrong, the only possible explanation of the 
discrepancy we can think of is that the conventional 
theories neglect a fundamental constant by which the use 
of the quantum-mechanical concepts is limited. And 
indeed there is a very simple explanation of the effect if 
one adopts the idea of a fundamental length, Jo, of the 
order of magnitude 10-" cm, the introduction of which 
into the theory I recently suggested.* The idea of ly is 
founded on the thesis that it is in principle impossible to 
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distinguish in space by any experiment two particles at 
rest the separation of which is <J. The particles are then 
“coincident.” According to this assumption the most 
accurate localization that can be made for an elementary 
particle consists in referring it to a particle with which it 
it in coincidence. This limitation of accuracy makes it 
necessary to interpret the wave function ¢(xyz) of a par- 
ticle in a way that corresponds to the possibilities of ob- 
servation: ¢(xyz) defines no longer the probability of find- 
ing the particle at the point xyz—that would be meaning- 
less—but that for finding it in coincidence with a reference 
particle to which the position xyz is attributed (so that the 
coordinate x may have any value between x—/y and x+/,). 
Accordingly, the interpretation of all interaction terms 
that occur in the theory has to be altered The problem we 
are dealing with here depends on the interaction of a meson 
(wave function ¢) with a proton (wave function y) Fora 
pseudoscalar meson this interaction is given (apart from 
an irrelevant factor) by /(y*oy) grady. We will denote 
the proton of the nucleus which represents the center of 
the K-orbit with Po; we do not know its exact position 
but this is of no consequence because we use P» only as a 
reference particle; therefore we may attribute to Po the 
position r=0. Let us now consider what it means if we 
put (¥*oy) =c-5(v)(5(v) = Dirac’s function). The ordinary 
theory would interpret the equation as description of the 
proton Po. According to our theory, however, the equation 
does not mean P» but any proton which coincides with Po. 
This follows immediately from our interpretation of the 
wave function ¥. Now with (¥*ey)=4(v) the interaction 
becomes /(y*oy) gradg=o(grady)o, the index 0 meaning 
that grad ¢ is to be taken on the point r=0. In the former 


* theory the expression would determine the probability 


for the absorption of the meson by the proton Po. In the 
theory, however, which takes regard of the length i the 
expression means the probability that the meson is ab- 
sorbed by any proton which is in coincidence with Po. 

Now the ¢-function of the K-orbit depends only on r 
so that on the point r=0 the vector grad ¢ has the same 
strength in all directions; therefore o(gradg)o=0. This 
means that a nucleus consisting only of protons which are 
all in coincidence with one another is not able to absorb a 
pseudoscalar meson. An absorption +0 can only take place 
if the protons of the nucleus do not build up a spatially 
indissoluble unit. The protons which coincide with Po lie 
within a sphere of the radius 1. Because of their own ex- 
tension the radius R of the nucleus which is unfit to absorb 
a meson becomes so 3/o/2. R is in dependence on the atomic 
weight A approximately given by R= (lo/2)*(A)#. R= 3lo/2 
corresponds, therefore, to A=27, Zo~13. But it is to be 
expected that the critical value of Z» will be somewhat 
smaller as the nuclei must not be supposed to be exactly 
spherical. 

It should be noted, however, that for a longftudinal 
vector meson the interaction is not determined by (grad ¢)o 
but by (div +)o, which is +0. For vector mesons a restric- 
tion of their absorption should therefore not exist. 

1M. Conversi, E. Pancini, and O. Piccioni, Phys. Rev. 71, 209 (1947). 


2 T. Sigur m and A. Yamakawa, Phys. Rev. 71, 319 (1947). 
* A. March, Acta Phys. Austr. 1, 19, 137 (1947). 
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The Relative Abundances of the Zinc 
' and Cadmium Isotopes 


WALLACE T. LELAND AND ALFRED O. NIER 
Department of Physics, University of Minnesota, Minneapolis, Minnesota 
April 2, 1948 
WELVE years ago one of us! reported values for the 
relative abundances of the zinc and cadmium iso- 
topes. Since that time numerous improvements have been 
made in mass spectrometry. Thus, in view of the present- 
day interest in more accurate nuclear constants it appeared 
worth while to repeat some of the early work. In the new 
work we employed a 60° mass spectrometer similar to one 
already described.? Compounds having a negligible vapor 
pressure at ordinary temperatures could be volatilized by 
a small oven built into the ion source. 

In the investigation of zinc, ZnI; was employed and 
measurements were made for the ZnI.*, ZnI*, and Zn* 
ions. Although the fractional spread in masses varied 
from approximately 2 percent for ZnI,* ions to 10 percent 
for Zn* ions, no systematic differences in the abundance 
ratios in the three positions could be observed, so it could 
be concluded that any discriminatory effects in the instru- 
ment were negligible. Table I shows the results obtained. 


TABLE I. Isotopes of zinc. 











Mass number 
% Abundance 64 66 67 68 70 
t work 48.89 27.81 4.07 18.61 0.620 
Earlier work* 50.9 27.3 3.9 17.4 0.5 








® See reference 1. 


The numbers given are the ‘averages for the ZnI,*, ZnI*, 
and Zn* spectra, each weighted equally. The calibrations 
and consistency of the results lead us to believe that the 
abundance ratio of any pair of isotopes is accurate to 
within one percent. With a packing fraction of —7.0 
and a conversion factor of 1.000275 in going from the 
atomic to the chemical scale a chemical atomic weight of 
65.40 is computed. This is to be compared with the chemical 
value 65.38. 

In cadmium, ions CdI,*, CdI*, and Cd* were investi- 
gated. Table II gives the results. As in zinc the numbers 


TABLE II. Isotopes of cadmium. 








Mass number 


Abundance 106 108 110_—s ‘iil 112 113 114 116 
t work 1.215 0.875 1239 12.75 24.07 12.26 28.86 7.58 
Earlier work* 1.4 1.0 12.8 13.0 24.2 123 28.0 73 











* See reference 1. 


given are the averages found for the three types of ions. 
Here, too, we believe any discriminatory effects to be 
sufficiengly small to state that the abundance ratio of 
any pair of isotopes is accurate within one percent. A 
packing fraction of —6.0 yields a chemical atomic weight 
of 112.42, which is to be compared with the chemically 
determined value 112.41. 

These data indicate that the mass spectrometer as em- 
ployed in the early work must have discriminated against 
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ions of different mass sufficiently to give an error as 

as 20 percent in the abundance ratio of the most y; 
separated isotopes of zinc and cadmium. That an ervor 
should have existed is perhaps not surprising SiNce the 
primary purpose in the earlier work was to obtain very 
high resolution so that rare isotopes could be detected, 
Thus extremely narrow slits were employed. As we now 
know, these conditions can lead to abnormal dis. 
crimination. 

The instrument used in this work was built with a grant 
from the Graduate School. This research was supported 
by Navy Contract NSori-147, T. O. III, between the 
Office of Naval Research and the University of Minnesota, 
Material assistance was also given by the University of 
Minnesota Technical Research Fund. 


1A. O. Nier, Phys. Rev. 50, 1041 (1936). 
2A. O. Nier, Rev. Sci. Inst. 18, 398 (1947). 





The Isotopic Composition of Xenon 


As H. W. ATEN, Jr. 
Institute for Nuclear Research, Amsterdam, Holland 
April 6, 1948 


 peerntneg erent in a paper on the exceptional rela- 
tions between the nuclei of samarium,’ pointed 
out that the proportion in which the isotopes of xenon 
occur is abnormal, too. He suggested that this irregularity 
should be explained by a transition of four xenon isotopes 
to tellurium either during or shortly after the formation of 
our present atomic nuclei. However, we are now in a 
position to understand that the peculiar situation in xenon 


_ has a much more trivial cause. 


It is a well-known fact that nuclei with even atomic 
weight are found in nature in larger concentrations than 
nuclei with odd atomic weight, because of the difference 
in binding energy between these two types of nuclei. Thus, 
if in one element three isotopes occur with consecutive 
mass numbers—two even ones and one odd one—the 
concentration of the odd one is always less than the sum 
of the concentrations of the even ones. The only excep- 
tion—and a very striking one—is xenon, where Xe is 
more than four times as frequent as its two neighboring 
isotopes together. In this element the percentages of the 
isotopes have been observed as follows:? Xe™:0.0% 
percent; Xe!*:0.088 percent; Xe!*:1.90 percent; Xe™: 
26.23 percent; Xe'°:4.07 percent; Xe™!:21.17 percent; 
Xe: 26.96 percent; Xe™:10.54 percent; Xe*:8.95 per- 
cent. It is evident from these figures that everything would 
be normal if the concentration of Xe”* were about ten 
times smaller. 

It has repeatedly been pointed out that by far the larger 
part of the noble gases, which originally accompanied the 
material of the earth, have been lost from our atmosphere, 
probably during the earliest part of its history.’ This 
theory explains the insignificant quantities of the other 
noble gases compared with argon. At present this element 
consists almost entirely of A®, the isotope which was 
formed by K-capture in K* after most of the original 
noble gases had disappeared.‘ 
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Recently Katcoff* has shown that I"* has an exceedingly 
long half-life, at least of the order of 10’ years, unless its 
beta-rays should be too weak to be detected. Originally, 
according to a general rule* it must have been about as fre- 
quent as the stable isotope I’. If the half-life of 1° is as 
long as about 2.10* years, demonstrable traces of this iso- 
tope must still exist. Indications, though no definite proof, 
of this fact were indeed obtained by Katcoff. 

After the concentration of the original xenon in our 
atmosphere had fallen to its present low value, the Xe!® 
formed by beta-emission from the I**—which at that time 
had a much higher concentration—in the iodine of the 
earth’s outer crust and of the ocean, mixed with the small 
rest of the original xenon. This was sufficient to give to 
this single isotope its abnormally high concentration. 

‘ felmeier, Ann. d. Physik 36, 373 (1939). . 

* O Nien, Phys. Rev. 52, 933 (1937); M. Lounsbury, S. Epstein, 
and H. G. Thode, Can. J. Research (in press). : 

3H. N. Russel and D. M. Menzel, Proc. Nat. Acad. Sci. 19, 997 
(1933); V. M. Goldschmidt, Geochem. Verteilungsgesetze 9. Skr. 
Norsk Vid. Ak. Oslo. Mat-Nat. No. 4, 18 (1937). , 

4C. F. Weizsiicker, Physik. Zeits. 38, 623 (1937); A. Bramley, Sci- 
ence 86, 424 (1937). : 

+S. Katcoff, Phys. Rev. 71, 826 (1947). 


¢J. Mattauch and S. Fliigge, Nuclear Science Tables (Interscience 
Publishers, Inc., New York), p. 104. 





On the Use of the Kurie Plot 


F. N. D. Kurige 
Department of Physics,* Washington University, St. Louis, Missouri 
. March 29, 1948 


HERE have been a number of examples in recent 

literature where, in the mind of this author, the 
Kurie plot has been somewhat overzealously applied. The 
method was originally suggested by Kurie, Richardson, 
and Paxton! as a method of examining experimental data 
for their compliance with either the Fermi or the Kono- 
pinski-Uhlenbeck theory of 8-decay. In applying the 
method to data, which we now know to be poor, they 
found a number of cases (CI**, K®) in which deviations 
between theory and experiment were very wide. They 
showed that, by assuming that these substances emitted 
two groups of §-particles, a closer consonance between 
theory and data was obtained. 

Because of the continuous distribution of the energy 
of 8-particles there is no straightforward experimental 
method of ascertaining whether a 8-spectrum represents a 
single 8-transition or several. Because of this the Kurie 
plot has been widely used to aid in this examination. If it 
were clearly established that a simple spectrum was repre- 
sented in detail by the Fermi theory, this method of plot- 
ting would be a very powerful tool, because, in principle, 
it is capable of disentangling a complex spectrum to give 
the upper limits and intensities of all its components. 
However, at the present stage, the application of the 
Kurie plot for this purpose is always suspect, since there 
is no case where the plot is linear down to low energies. 
Konopinski? has given a good summary of the existing 
data and has pointed out that in the particularly careful 
work of Lawson and Cork on In™ and of Tyler on Cu™ 
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there are deviations from the linear Kurie plot below en- 
ergies corresponding to between } and $ of the maximum 
energy. Thus, even in the most painstaking work and 
for allowed transitions, agreement between theory and 
experiment seems to be good only near the upper limit of 
the 8-spectrum. There appears to be no case in which even 
so optimistic a statement can be made for forbidden 
spectra. 

It is not proposed that the Kurie plot method be aban- 
doned, for there is no other method available for examining 
a spectrum for complexity. Rather, it is proposed that 
an argument based on such plots alone is not sufficient to 
establish complexity, and that upper limit values of the 
lower energy 8-particles, derived from such an analysis, 
should be accepted with some scepticism. 

On the other hand, if the Kurie plot gives evidence of 
complexity, and if there is demonstrated the existence of 
gamma-rays of energies nearly equaling the differences of 
these upper limits, and if coincidence counting gives data 
consistent with the implied complexity, then there is 
strong evidence in favor of the disintegration scheme 
proposed. 

* Under Contract N6éori-117, T.O.1. 

iF. N. D. Kurie, J. R. Richardson, and H. C. Paxton, Phys. Rev. 


49, 368 (1936). 
2 E. J. Konopinski, Rev. Mod. Phys. 15, 209 (1943). 





Achromatization of Debye-Scherrer Lines* 


H. EKSTEIN AND S. SIEGEL 
Armour Research Foundation, Chicago, Illinois 
April 2, 1948 ° 


HE ultimate limit of precision in lattice parameter 

measurements by the Debye-Scherrer method is 
given by the spectral width of the primary characteristic 
radiation, which causes an irreducible width of the line 
even with an infinitely narrow collimator.** The line could 
be sharpened by monochromatization of the primary beam, 
but the elimination of all but a small fraction of the spec- 
tral band of a characteristic line would result in a pro- 
hibitive loss of intensity. 

One can sharpen the diffraction line by achromatizing 
the characteristic radiation, i.e., by causing all rays of 
wave-lengths belonging to a spectral line to converge to a 
focus after diffraction. In Fig. 1 a point source of x-rays, 
A, radiates a polychromatic beam toward the crystal 
QTUR so that the central ray AC satisfies the Bragg 
condition for diffraction by the lattice plane dd’ and for 
the most intense wave-length d of the spectral band. After 
diffraction the rays diverge from an apparent source A’ 
so that every ray has only one definite wave-length. A 
polycrystalline sample P is mounted normal to the central 
ray A’E. All rays diffracted by P will come.to a focus N. 
The distance CE = V is given by 


tané@ i ,C0S(8m +a) 
sie (1 +2) (-=,) mal 
where F= NE, 1=AC, 0,= {ACd, @ is the Bragg angle 
































a 
40m 
Q ae 
K) 
‘7 ru P 
Om* 40m ly 
ae ~aX 
‘ 
190-20 
T 
Pp 
180- 2(0+08) 4 
48m 5 
20 -90 
a 


Fic. 1. Principle of the achromatization method. 


of the sample P for the wave-length A, and a is the angle 
between the normal to the lattice plane and the ground 
surface QT of the crystal. If an x-ray source of finite width 
S is substituted for the point source A, then the width of 
the achromatized image near N is 


COS(Om +a) 


S’= S cos2 . 
cos(O_ —a) 


By proper choice of 6, and a, the image tan be made 
much narrower than the source. 





Fic. 2. Photograph of achromatized CoKq- doublet. Annealed 
steel, 310 reflection. a =90 , 6m =72.°2 , F =7.92 cm. 
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The relative difference |Ad/d|p of two lattice 
rameters of the sample giving rise to two lines which = 
just resolved in the Rayleigh sense is - 








Ad] 1.225 ,c08(m-+ta) 
d|\z 2F ~~ c0s(0—a)’ 





whereas for the Debye-Scherrer method with an infinitely 
narrow collimator 


Ad 


d 


1.22w 
= = x<10~, 








where w is the spectral width of the characteristic line, 
Thus, it should be possible to increase the resolution by 
an order of magnitude beyond the ultimate limit inherent 
in the conventional method. 

Figure 2 illustrates the achromatization principle for g 
case where the two components of a Ka-doublet are brought 
to an approximate focus at N. Our ultimate aim, however, 
is to achromatize a single a; line, using a fine focus tube 
now under construction. 

The authors wish to thank Dr. A. Guinier for an jp. 
spiring discussion. 

Waskenerted Oy. ee National Advisory Committee for Aeronautics, 


** H. Ekstein and S. Siegel, National Advisory Committee for Aero. 
nautics, Tech. Note No. 1375 (October 1947). 





A New Isomer of Element 43 (Tc) of 
Very Small Excitation Energy 


O. Huser, P. MArMIER, H. MeEpicus, P. PREISWERK, AND R. STEFFEN 
Swiss Federal Institute of Technology, Zurich, Switserland 
March 29, 1948 


MONG the numerous isotopes of element 43 (tech 

netium) which can be produced by (p,m) reactions 
from those of Mo, there is one with a half-life of 53 min- 
utes. It decays by positron emission [Emax = (2.45+0.03) 
Mev ] and by orbital electron capture,! and emits nuclear 
y-rays of (0.380+0.004) Mev, (0.873+0.004) Mev, (1.48 
+0.01) Mev, (1.85+0.01) Mev, and (2.74+0.01) Mev. 
It has presumably a mass number of 92 or 94. We have 
observed electron lines of (13.0+0.8) kev, (31.5+0.5) kev, 
and (33.0+0.4) kev in a magnetic semicircular spec 
trometer, the intensities of which decrease with same half- 
life as the positron intensity. The differences between the 
energies of these electron lines indicate that they arise 
from K, L, and M conversions in Tc. Hence the excitation 
energy amounts to (33.4+0.4) kev. In order to check that 
these electron lines are not due to transitions of the ex- 
cited residual Mo nucleus but arise from an isomeric state 
of Tc, we have investigated the x-rays associated with 
the conversion. Photographs taken with a crystal spectro- 
graph of the Cauchois type showed the Ka:, Kaz, and 
KB; lines of both Tc and Mo, those caused by Mo being 
weaker. The x-ray decay period was likewise about one 
hour. The Mo lines obviously originate from K-capture. 
Since besides the above-mentioned low energy conversion 
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lines no intense converted radiation is observed, the pres- 
ence of the Tc x-radiation proves that the 33.4-kev transi- 
tion is an isomeric one of the Tc nucleus. The half-life 
(53 minutes) is in good agreement with the value derived 
from a semi-empirical energy-lifetime relation’ for 33.4 
kev and an angular momentum change AL =4. 

We hope to succeed in determining, by means of an 
isomer separation, the shorter lifetime, caused by the 
ground state of Tc, from which the positron emission and 
electron capture result. 

A more extensive report on these measurements will 
appear in Helv. Phys. Acta. 


1 P, C. Gugelot, O. Huber, H. Medicus, P. Preiswerk, and R. Steffen, 


. Acta 20, 240 (1947). 
Hey Wiedenbeck, Phys. Rev. 69, 567 (1946). 





On the Radioactivity of K*° 


Hans E. Suess 


Institute of Physical Chemistry, University of Hamburg, 
Hamburg, many 


February 25, 1948 


EVERAL recent papers in this journal'~* have dealt 

with the decay of K* by following Bleuler and 
Gabriel‘ in assuming (7+1)X10* years for the beta-decay 
period, (2.4+0.5)X10*® years for the total period, and a 
branching ratio corresponding to 1.9 capture processes per 
beta-decay. It should be pointed out that the interpreta- 
tion Bleuler and Gabriel gave of their experimental ob- 
servations does not agree with the following: 

A branching ratio of 1.9 would mean a yield of argon 
sufficiently large to make it easily detectable in old rocks 
and gaseous exhalations.** No excessive abundance of 
argon, however, has yet been reported in such cases. A 
careful investigation of two samples of sylvine and one of 
carnallite has been carried out recently’ in order to reach 
a final conclusion on this question. From the data of 
Bleuler and Gabriel a content of at least 1.5107 cm* 
argon per gram sylvine, was to be anticipated, as the syl- 
vine’s age exceeded 2X10* years. Analysis of the gases 
collected from the samples, however, gave an upper limit 
of 0.0210 cm* argon. The carnallite analysis gave a 
similar result. These results indicate that only a few 
percent of the decaying K** can yield A**. This, as well as 
geochemical evidence as a whole, makes it seem most 
unlikely that more than 10 percent of the decaying K* is 
converted into argon. 

From the general systematics of the abundance of nuclei 
in the universe® it is possible to estimate the concentration 
of K* at the time of its formation. It can in that way be 
estimated that the K*® content of potassium hardly ex- 
ceeds the Lu!”* content of lutetium, which is 2.5 percent. 
The age of the elements is certainly greater than 33 X10* 
years, the figure given by Holmes*" for the age of the 


earth. A total period of 2.4 10* years leads to an improb- 
able value of more than 60 percent K* in potassium at the 


time specified. A total period of 710* years, however, 


leads to 1 percent K*® in potassium 45 X 10 years ago; both 
these values do not seem far wrong for the original con- 
centration of K*® and the age of the elements, respectively. 
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By considering the fact that the large concentration of 
A in the atmosphere has undoubtedly originated from 
K*, we find from the present amount of atmospheric 
argon" and the present amount of K* in the earth" and 
assuming a total period of 7 X 10* years, that approximately 
0.5 percent of the total amount of the decay products 
produced during the last 33 X10* years is now present in 
the’ atmosphere in the form of. argon. The major part of 
A*® is probably left occluded in the earth's interior; yet 
the proportion of atmospheric to occluded argon is not 
necessarily as small as assumed previously*™ because a 
large part of the earth's surface was probably in a molten 
liquid state during the long period extending from 33 X 10* 
until 20 X10® years ago. We can thus take 0.5 percent as a 
lower, limit for the branching ratio for the decay of K*. 

The conclusion from geochemical evidence, that more 
than 0.5 percent and less than 10 percent of the decaying 
K* is converted into A‘, seems to make it most probable 
that, as in the case of Lu!”*,!* the full number of capture 
processes is accompanied by the emission of hard gamma- 
quanta known to be emitted by excited A“ nuclei“. The 
hard quanta are emitted at a rate of 3 quanta according to 
Gray and Tarrant," or at a rate of 7+1.5 quanta according 
to Gleditsch and Graf,’ per 100 beta-rays. Geochemical 
evidence seems to make the lower value appear slightly 
more probable. A value of 5+2 percent for the branching 
ratio might be considered to be within the limits of error 
if all the data concerned. 

The suggested scheme (Fig. 1) makes it necessary to 
regard the soft radiation with an approximate intensity 


522 y-rays 
of 
155 Mev 








rays Ca”? 


Fic, 1. Disintegration scheme of K*. Total half-life period 7 X10* year. 


of 2 quanta per beta-ray**® as connected with the beta- 
process. Haxel and Houtermans!? have recently observed 
a soft radiation of similar quality from Rb*® coinciding 
with the beta-emission. It seems reasonable to assume a 
similar process to occur in the beta-process of K*®. 


1H. A. Meyer, G. Schwachheim, and M. D. de Souza Santos, Phys. 
Rev. 71, 908 (1947). 

2 E. Gleditsch and T. Gr&f, Phys. Rev. 72, 640 ocd 

+ E. Gleditsch and T. Graf, Phys. Rev. 72, 641 (1947). 

4 E. Bleuler and M. Gabriel, Helv. Phys. Acta 20, 67 Totty 

5 F. C. Thompson and S. Rowlands, Nature 152, 103 (1943). 

* F. G. Houtermans and P. Jordan, Zeits. Naturforsch. 1, 125 (1946). 

7P. Harteck and H. Suess, Naturwiss. 34 (1947). ' 

* H. E. Suess, Zeits. Naturforsch. 2a, 322 (1947). 

* A. Holmes, Nature 157, 680 (1946). 

10 F, G. Houtermans, Zeits. Naturforsch. 2a, 322 (1947). 

uF, Paneth, Nature 139, 180 (1937). 

2V. M. Goldschmidt, Videnskapsakad. Oslo (1938). 

™C. v. Weizsiicker, Physik. Zeits. 38, 623 (1937). 

4H, Waffler and O. Hirzel, Helv. Phys. Acta 19, 216 (1946). 

is A. Flammersfeld, Zeits. Naturforsch. 2a, 86 (1947). 

i¢ L. H. Gray and G. T. P. Tarrant, Proc. Roy. Soc. £143, 681 (1934). 

17 Q, Haxel and F. G. Houtermans, lecture held at the meeting of the 


German Physical Society at Géttingen, September, 1947. 
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Inorganic Crystals for the Detection of High 
Energy Particles and Quanta 


RoBErT J. Moon 
Institute of Radiobiology and Biophysics, The University of Chicago, 
Chicago, Illinois 
March 29, 1948 


HIS investigation was suggested by the interesting 
experiments reported by H. Kallmann' on the 
counting of high energy particles and quanta by the photo- 
electric detection of individual light flashes. Selected 
1P28 and 1P21 photo-multiplier tubes were employed for 
the detection of the scintillations, and a variety of crystals 
were employed for the scintillating material. A 10,000- 
ohm resistor was used in the anode circuit of the photo- 
multiplier tube in which pulse voltages up to 50 millivolts 
were developed and were further amplified and fed into a 
scale of 128. Pulses from the photo-multiplier which were 
less than 1 millivolt were not counted by the scaler. This 
level corresponded to approximately 10 photoelectrons, or 
with an estimated geometry of 10 percent and a photo- 
cathode yield of one photoelectron per fifty quanta it 
would correspond to approximately five thousand quanta 
liberated in the crystal. The pulses reached their maximum 
value in about one-half microsecond, and the duration of 
the pulse was approximately one microsecond although the 
capacity of the cable from output of the photo-multiplier 
to input of the amplifier contributed to the lengthening 
of the pulse. 

As is usually done, spurious pulses which originate in 
the photo-multiplier tube were practically eliminated by 
tube selection and by cooling the tube with solid COz. In 
addition, other spurious pulses originated in the crystals. 
For example: CaF: (clear crystals both artificial and 
natural) produced scintillations in the absence of radia- 
tion. After exposing these crystals to ultraviolet light they 
showed visible phosphorescence and the next day were 
producing some: two hundred pulses per second. Upon 
cooling with solid CO: this was reduced to less than 
twenty pulses per second. Similarly, such exposed crystals 
showed thermal luminescence upon heating to 100°C, 
which died away upon prolonged heating. After cooling 


TABLE I, 








I. Excellent response II. Fair response 
CaWOs, (Scheelite) PbCOs (cerusite) 
CaF: (synthetic and Phenatite 
natural fluorite Apatite (pale yellow) 
LiAISisO¢ (Spodumene) CaB:SisOs (danburite) 
AlsOs (synthetic sapphire) 
LiF (synthetic) 
III. Medium response IV. Weak response 
MgSOQ.KCI13H20 (Kainite) SrSOx (celestite) 
Topaz Tourmaline (pink) 
BesAl:SieOus (bery!) CaSo12H2O (gypsum) 
CaCO; (calcite) CaBSiO.«(OH) (datolite) 
Sulfur Maple syrup sugar crystal 
Halite (NaCl) 
NaCl (artificial) 
V. No res 
SiO: & lear quartz) KAISisOs (orthoclase) 
CoCO; (aragonite) K MgzAlsSisOw(OH )2 (phologopite) 
AlsO; +Cr (artificial ruby) KAlI3SisOw(OH ): (muscovite) 
’ KCI (artificial) 
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to room temperature in the dark, these crystals were no 
longer sources of spurious pulses. After all precautions had 
been taken to reduce background effects, the counting 
rate became one count per second, mainly because of cosmic 
rays. 

Many inorganic crystals were tried. Calcium tungstate 
(Scheelite) was by far the best. Its high density of tix 
grams per cubic centimeter, high atomic weight compo. 
nents, and excellent fluorescent properties with minor 
phosphorescence make it well suited for the detection of 
beta- and gamma-radiation. Table I lists the various ma. 
terials investigated. 

It may be noted that the variety of elements as welj 
as the nature of the crystal affords many possibilities for 
radiation detectors. For example, Al:O; (synthetic sap- 
phire), with a hardness next to diamond, could serve both 
as a durable window to a photo-multiplier tube and as the 
scintillating material. Such a tube would probably be 
most useful in a linear form, Crystals which contain boron 
would be useful detectors for neutrons. 

Naphthalene and CaWQ, were compared. A clear napb- 
thalene crystal, 9 g in weight, 4.5 cm long, and having a 
polished face 11 mm X16 mm yielded less than one-third 
the number of pulses per second as a 9.3-g CaWO, crystal 
with a 7-mmX10-mm polished face, whereas an 8-mm 
naphthalene crystal of 4.0 g with a 20-mm X20-mm face 
yielded less than one-sixth the number of pulses per second 
due to gamma-rays of radium, and yet the tungstate and 
the naphthalene were equally sensitive to electrons from 
a radium D+E source. The geometry attained with elec. 
trons was nearly 40 percent in both cases. Pulse height and 
shape were indistinguishable for the two compounds, and 
the maximum pulses corresponded to some 200,000 quanta 
per gamma-ray. 

An 11.3-g CaWO, crystal with a 2.16-cm? polished face 
was compared with a standard thin walled glass Geiger- 
Miiller counter 18 mm in diameter X60 mm in length, 
and the crystal yielded 25 times as many counts per 
second as the G-M tube with the source at 54 cm; if the 
ratio of areas is taken into account, the crystal is 125 
times more sensitive. 

A 100-microgram radium standard at a distance of 34 
cm produced 470 counts per second through the 2.16 cm* 
of the calcium tungstate crystal which corresponds to 2.18 
gamma-photons per disintegration of radium in equi- 
librium with its daughter products. These results indicate 
nearly a 100 percent counting efficiency. 

The results with calcium tungstate are contrary to those 
of H. Kallmann, who found no trace of pulses with calcium 
tungstate of any thickness of the phosphor layer and a 
saturated response to gamma-rays with a tungstate thick- 
ness of 0.2 mm. This discrepancy between the results may 
be accounted for if Kallmann used powdered tungstate 
instead of large clear crystalline lumps, or perhaps his 
tungstate contained some impurity which damped or ab- 
sorbed the fluorescence, such as in the case of synthetic 
ruby where a small amount of chromium is added to 
aluminum oxide. 


1H. Kallmann, Nature and Technik (July 1947). 
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Artificial Alpha-Active Bismuth Isotopes 


D. H. TEMPLETON AND I, PERLMAN 
Radiation Laboratory and Department of Chemistry, 


University of California, keley, California 
March 29, 1948 

HEN lead was bombarded with approximately 200- 
Mev deuterons in the 184-inch cyclotron, a great 
variety of nuclear reactions were noted. Fission has been 
demonstrated by the identification of radioactive fission 
products,’ and a mixture of isotopes from Bi (element 83) 
to Au (element 79) has been partially identified. These 
were produced by reactions analogous to those reported 

from other irradiations with high energy particles.’ 

This report has to do with some new short-lived emitters 
of alpha-particles produced from high energy deuterons 
on lead. The alpha-activity was in very low abundance 
compared with the Geiger counter activity and was first 
observed in the unseparated target material. The decay 
curves could be resolved into 2-min., 9-min., 27-min., and 
1-2-hr. components. The longest period was too weak for 
accurate half-life determination. The three longest periods 
were chemically identified with the bismuth fraction, but 
the chemical separation was too slow to permit observa- 
tion of the 2-min, period. Lead which was bombarded with 
100-Mev deuterons showed the 1-2-hr. and 27-min. pe- 
riods, but the shorter periods could not be detected. 
Therefore, the 2-min. and 9-min. activities are probably 
of lower mass number than the longer-lived ones. All of 
these isotopes of bismuth are believed to be of lower mass 
number than 203 since lead, enriched in Pb™, did not 
show any alpha-activity when bombarded with 20-Mev 
deuterons.® 

The alpha-particle energies of the three longer periods 
were all in the range of 5.5+0.3 Mev, as measured by an 
alpha-particle pulse analyzer.‘ The lack of precision was 
caused by the high background of electrons and by the 
inability to prepare extremely thin samples. Because these 
energies seem to low for alpha-particle half-lives of the 
order of minutes and since the bismuth fraction showed 
a great preponderance of electrons over alpha-particles, it 
is concluded that the alpha-emission represents but a 
small branching in the predominantly orbital electron 
capture decay. For example, a 30-min. period and a 100- 
min. period could be resolved out of the Geiger counter 
decay curve and, under the assumption that these are the 
same as the 27-min. and 1-2-hr. alpha-periods, alpha- 
particle to electron ratios of 7X10 and 6X10-, re-: 
spectively, were calculated. The half-lives for alpha-decay 
for the 27-min. and 1-2-hr. activities then become about 
1 month and 3 years if it is assumed that there is almost 
one electron emitted per orbital electron capture dis- 
integration. 

These data show that alpha-instability as reflected by 
the alpha-particle half-lives follows the same trend in the 
case of bismuth isotopes as that noted for the isotopes of 
polonium. In the case of polonium it has long been noted 
that there is a minimum half-life at ThC’ (Po**) and that 
the half-lives increase both toward lower and higher mass 
numbers. This curve has been extended® to show that the 
half-life for Po®* is even longer than for Po® but that the 
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partial alpha-half-life then decreases again at lower mass 
numbers as exemplified by Po**, In the case of bismuth, 
the earlier noted half-lives showed a decrease from heavier 
masses toward AcC (Bi*") which has a 3-min. half-life. 
Recently Broda and Feather* reported that RaE (Bi**) 
undergoes rare alpha-branching corresponding to a partial 
alpha-half-life of about 10*-10* yr. Below RaE the half-life 
increases still further, as shown by the failure to detect 
alpha-activity in Bi®**, However, the present studies show 
that very light isotopes of bismuth (Bi<**) again have 
measurable alpha-half-lives. 

We wish to acknowledge the assistance and cooperation 
of Dr. John Woodyard, Dr. D. C. Sewell, and all those 
whose operation of the 184-inch cyclotron made these 
irradiations possible. 

This paper is based on work performed under Contract 
Number W-7405-eng-48 with the Atomic Energy Com- 


‘mission in connection with the Radiation Laboratory of 


the University of California, Berkeley, California. 


oan oo Goeckermann, Templeton, and Howland, Phys. Rev. 72, 
3 Cunningham, Hopkins, Lindner, Miller, O'Connor, Perlman, 
Sesbery, and Thompson, Phys. Rev. 72, 739 (1947). 
. Bs Pio “\eseasenes J. J. Howland, and I. Perlman, Phys. Rev. 72, 
47). 
*Ghiorso, Jaffey, Robinson, and Weissbourd, An Alpha-Pulse 
| - — wage Plutonium Project Record, 1413, 17.3 (1946) (to 
issued). 
ms re "Neuen J. J. Howland, and I. Perlman, Phys. Rev. 72, 
947). 
* EF, Broda and N. Feather, Proc. Roy. Soc. London A190, 20 (1947). 





Decay Scheme of 62-Day Isotope of 
Element 43 (Tc) 


O. Huser, H. Mepicus, P. PREISWERK, AND R. STEFFEN 
Swiss Federal Institute of Technology, Zurich, Switserland 
March 29, 1948 


HE disintegration of the 62-day isotope of element 43 
(technetium), which is believed to have the mass 
number 95,' has been investigated. In addition to the 
known y-lines at (0.201+0.002) Mev? and (0.810+0.005) 
Mev,' we found by measurements in a magnetic lens spec- 
trometer’ conversion, photo-, and Compton recoil electrons 
arising from two new y-lines of (0.570+0.002) Mev and 
(1.017+0.010) Mev. Absorption measurements of the 
electrons and y-rays showed that the 201-kev y-line has a 
conversion coefficient of 0.044+0.008. The relative in- 
tensities of the y-lines were determined by analyzing the 
absorption curve in lead; the sensitivity of the counter* 
has been accounted for. The absorption coefficients for the 
experimental arrangement were determined empirically 
by means of standard y-ray emitters. The strengths of the 
y-lines were found to have the following ratios: Nan: No: 
Nao: Niow = 0.7:0.4:0.3:0.03. From the y—~y-coincidence 
counting rate it follows that the 570-kev and 810-kev 
radiations are in coincidence with the 201-kev line. Up to 
now the disintegration had been assumed to take place 
only by orbital electron capture. Cloud-chamber, photo- 
graphs also showed, however, positrons with energies up 
to 0.4 Mev. Comparing the number of positron tracks 
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Fic, 1, Decay scheme of the 62-day Tc. 





with the number of conversion electrons arising from the 
201-kev radiation, as well as from the annihilation co- 
incidence counting rate, we estimate that about 0.8 per- 
cent of the transitions take place by positron emission. 
The intensity ratios of x-rays and y-rays show that one 
third of the electron capture transitions lead directly to 
the ground level. Summarizing these measurements, we 
propose a term scheme according to Fig. 1. 

A detailed report will appear in Helv. Phys. Acta. We 
take pleasure in thanking Professor P. Scherrer for his 
stimulating interest in this work. 
1J. E. Edwards and M. L. Pool, Phys. Rev. 72, 384 (1947). 
2D. C. Kalbfell, Phys. Rev. 55, 422 (1939). 

3 The magnetic lens spectrometer was designed by Dr. W. Ziinti, 
and its description will appear in Helv. Phys. Acta. 

4H. Bradt, P. C. Gugelot, O. Huber, H. Medicus, P. Preiswerk, and 


P. Scherrer, Helv. Phys. Acta 19, 77 (1946). 
6 A. C. Helmholz, Phys. Rev. 60, 415 (1941). 





Use of Photo-Conductive Semiconductors 
as Amplifiers 


EpMUND S. RITTNER 
Philips Laboratories Inc., Irvington-on-Hudson, New York 
March 29, 1948 


ECENT studies' at the Bell Telephone Laboratories 
have revealed that diamond may be employed as an 
electron amplifier by virtue of its internal secondary emis- 
sion. Current amplification factors as high as 500 have 
been observed by exposure to electrons of 15,000-ev 
energy. Because of deleterious space charge effects pro- 
duced by the impingement of electrons on the insulator and 
by electrons trapped at imperfections in the crystal, the 
experiments were performed with a pulsed beam technique 
and with an alternating field across the sample. 
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There are several extremely important advantages to 
be derived from the employment of a Photo-conductive 
semiconductor rather than an insulator in this application: 


(1) the above-mentioned space charge effects which 
oppose the flow of current through the specimen in the 
case of insulators will be absent in the case of semi- 
conductors; 

(2) the number of internal secondary electrons released 
per incident primary electron will be proportional to the 
quotient (energy of primary electrons/energy gap between 
filled band and conduction band); this quotient will be 
greater in the case of semiconductors by a factor of the 
order of 5 to 10; 

(3) in analogy with the secondary photo-effect, the 
total number of electrons flowing through the semicon. 
ductor circuit will, in most cases, far exceed the number 
of electrons internally released by the bombarding 
electrons ;? 

(4) the loss of electrons via external secondary emission 
will be less in the case of semiconductors ;* 

(5) the impedance of the semiconductor device will be 
of a more suitable magnitude for usé¢ in conjunction with 
usual electronic circuits, the “dark” current being entirely 
analogous to the no-signal plate current in a vacuum tube 
amplifier. 





Optimum results will probably be achieved with thin 
specimens of the same order of thickness as the pene- 
tration depth of the primary electron beam. Single crys- 
tals, in general, present the advantage of extremely high 
charge carrier mobility relative to polycrystalline samples, 
although even the latter can be employed to great ad- 
vantage. 

The amplification factor will be proportional not only 
to the charge carrier mobility and the energy of the in- 
cident electrons but also to the field strength applied to 
the sample, limitations being imposed by the total power 
input, which will cause heating of the specimen. Care 
should be exercised to prevent the deflection of the in- 
cident beam to an electrode of the sample. For low primary 
beam intensities the increase in current through the semi- 
conductor on bombardment will be a linear function of the 
beam intensity. 

The main disadvantage of this type of amplifier is the 
fact that highest amplification factors can be obtained 
only at a sacrifice in frequency response.‘ The frequency 
response can be improved with an attendant reduction in 
amplification factor by exposure of the sample to steady 
background illumination, by raising the temperature of 
the sample, or by incorporation of the proper impurities 
into the photo-conductive layer. 

Preliminary experiments have been carried out with a 
thin polycrystalline layer of selenium deposited on a glass 
base furnished with two tungsten wire electrodes 5 mm 
apart. Selenium was chosen because of the ease with which 
it can be fashioned into a photo-conductive cell. The data 
are shown in Table I. 

These results are subject to improvement by factors of 
one or more orders of magnitude by changes in the ge- 
ometry of the electrode configuration and in the tech- 
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TABLE I. Increased conductivity in selenium induced 
by electron bombardment. 














Increase in 





D.c. voltage Electron Beam current through Amplifi- 
across photo- accelerating current, photo-conductor, cation 
conductor voltage wa ua factor 
225 1000 0.015 0.95 63 
225 2000 0.015 1.85 123 
Noles 


Sample resistance = 1.12 X10°Q. 
Crom-eectional diameter of primary beam 1 mm. 














nique of preparing the photosensitive layer. Still further 
improvement of similar magnitude is possible by reverting 
to thin single crystals. 

Further work on selenium as well as on other photo- 
conductive semiconductors such as silicon, germanium, 
and lead sulfide is in progress. 

The author wishes gratefully to acknowledge his in- 
debtedness to various members of the staff of Philips 
Laboratories, Inc., particularly to G. A. Espersen for 
making available the equipment employed in making the 
measurements, to M. J. Lun for assistance in the measure- 
ments, and to R. H. Ahlert for aid in preparing the photo- 
conductive layer. 


1K. G. McKay, Tele-Tech. 7, 72 (1948). 
2 A. von Hippel and E. S. Rittner, J. Chem. Phys. 14, 372, 373, 375 
1946). 
C 3 y Bruining, Die Sekundar—Elektron—Emission fester Kéorper, 
(Verlag, Julius Springer, Berlin, 1942), p. 82. 
4 See reference 2, pages 375 and 376. 





Ultrasonic Observation of Twinning in Tin 


W. P. Mason, H. J. McSxkimIn, AND W. SHOCKLEY 
Bell Telephone Laboratories, Murray Hill, New Jersey 
March 25, 1948 


T the suggestion of the last named writer some ex- 

periments have been performed with a view to ob- 
serving the effects of individual moving dislocations. If a 
dislocation moves across a test specimen with a speed 
approaching that of sound, a displacement of the order 
of the lattice constant d should occur in a time of order of 
diameter of specimen divided by the speed of sound. This 
requires instruments capable of measuring displacements 
of about 10-* cm occurring in times of 10~* sec., values 
which lie in ranges already exploited in connection with 
ultrasonic delay lines. 

The method of experimentation consists of pressing the 
metal specimen directly against a quartz crystal with a 
liquid seal, applying stresses which deform the metal, 
and observing the resulting motion imparted to the 
quartz. The mechanical arrangement giving the most 
satisfactory results is shown in Fig. 1. The tin specimen is 
prepared from 99.9 percent pure tin. The crystal grain 
size is about yy in. The specimen (a cone tapering from 
t-in. to ¥s-in. diameter) presses against the quartz crystal 
on the right, and on the left is soldered to a silver paste 
baked on the tip of a long tapered glass rod. The quartz 
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Fic. 1, 


crystal (0.5 mm thick and }-in. diameter) is similarly 
attached to the other glass rod. The two glass rods are 
lined up in a V block and pressure is applied by a screw 
through a rubber pad. During the time of observation 
(described below) the ultrasonic disturbance does not 
have time to reach the ends of the glass rods; furthermore, 
the transient pressure wave developed on the quartz is 
less than 1 percent of the applied load. As a consequence 
of these facts, the deformation takes place essentially at 
constant load. Increasing the applied load by turning the 
screw provokes additional transient yielding. The tapering 
of the rods tends to eliminate transverse reflections. 

The voltage generated by the quartz crystal is amplified 
and split into two parts; one part actuates the trigger of a 
sweep circuit while the other is delayed 15 microseconds by 
a fused quartz delay line and then applied to vertical 
plates of the oscilloscope. Various electrical and mechanical 
tests indicate that crystal plus electrical circuits have an 
adequate band width for the effects studied. The sensi- 
tivity is such that a force of 1000 dynes gives }-in. de- 
flection on the oscilloscope. Because of the nature of the 
mechanical impedances on either side of the specimen, 
voltages are proportional to velocity of yield with 1000 
dynes corresponding to a rate of yield of 1.6 X 10~* cm/sec. 
over the 7x-in. face of the tin specimen. 

Observation of the voltage output on fast and slow 
sweeps shows that the noise generated consists of pulses 
lasting about 30 microseconds. Pantograph tracings of 
the photographs of two such pulses are shown in Fig. 2, 
together with a calibrating timing wave. Out of 15 photo- 
graphs taken, 11 were similar to (a) and 4 to (b). The fine 
structure is not the same on any two traces, which suggests 
that it is characteristic of the twinning process rather than 
of some mechanical resonance in the specimen. The dis- 
tance moved in one cycle of the fine structure is about 
2A for (a) and about 4A for (b). The period of the fine 
structure corresponds to 3 microseconds for (a) and 1 
microsecond for (b), and the time for a compression sound 
wave to cross the specimen is 1 microsecond. 

These results are in general agreement with passage 
at the speed of sound of twinning dislocations from side 
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to side in the specimen. However, the magnitude of the 
displacement is about ten times larger than would be ex- 
pected from the twinning of one pair of planes. The net 
volume contraction of the tin as viewed from the quartz 
is about 10~* cm’. 

Somewhat similar experiments carried out with large 
aluminum crystals failed to give detectable signals. 





On the Mechanism of Electron Emission at 
the Cathode Spot of an Arc 


JEROME ROTHSTEIN 
Signal Corps Engineering Laboratories, Fort Monmouth, New Jersey 
April 5, 1948 


HE experiments of Smith! on the thickness of the 

mercury arc cathode dark space show that the hy- 
pothesis of field emission fails to account for the high 
current densities (10 amp./cm*) observed at the cathode 
spot. 

The fact that the arc can be extinguished by a current 
interruption of less than 10~* second,? together with evi- 
dence indicating a low cathode temperature even at the 
arc spot itself, shows that thermionic emission is also 
inadequate. 

Smith’s* theory ascribing the high current density to 
thermal excitation of the conduction electrons runs into 
the following difficulty, which applies to thermionic emis- 
sion as well. Taking the diameter of an arc spot as 107? 
cm, the velocity of the spot in a magnetic field as 10‘ 
cm/sec.** the arc current as 1 ampere, and the cathode 
fall as 10 volts, we see that the cathode spot must be ex- 
cited to full emission in 10~-* second by an energy of only 
10-5 watt second. Furthermore, it is hard to conceive of 
any plausible mechanism for preventing the “hot” elec- 
trons in the cathode spot from losing their energy by 
interacting with other conduction electrons and even with 
the atoms of the cathode. 

The hypothesis that the entire current is carried by 
positive ions® runs into difficulties such as communicating 
too much momentum to the cathode, accounting for the 
high temperature, and inability to explain why an in- 
terruption of less than 10~* second should extinguish the 
arc. 

A new theory is proposed that is applicable to the class 
of arcs characterized by relatively low spot temperature 
and relatively high spot mobility, e.g., liquid cathodes, 
Cu, Ag, Au, Fe, Ni. The mechanism may play a partial 
role in other cases as well. It is assumed that a region 
possibly 10-* cm thick of very dense metallic vapor exists 
immediately adjacent the cathode spot. The high density 
perturbs the atomic fields so that the normally sharp 
energy levels are spread into bands, including conduction 
bands. Metallic conduction is then possible from the cath- 
ode to this region, which is at a sufficiently high tempera- 
ture to emit thermionically into the plasma. The ions bom- 
barding the cathode serve to maintain the high local 
density. 


THE EDITOR 


From the work of Birch* on the conductivity of 
the supercritical region, it appears that a particle 
N equal to 10” atoms per cc gives essentially 





He in 


conduction. Consider the arc spot. If m atoms leave ; it 


cm? per sec. with a velocity distribution f(c), the Particle 


density in a layer of thickness d outside it is given by 


p=(1/d)nf f(c\(a/c)de=mn J f(c)(de/c)= N= 10%, say 


To estimate n, we recall a current density of 10¢ amp. /em?, 


about 10 percent of which is carried by ions, giving 6X 198 
ions/cm?/sec. bombarding the Hg arc spot. This is about 
ten times the net “evaporative’’ loss, so somewhat more 
than this number of atoms leave the cathode. The op. 
efficient of accommodation is probably small, so many of 
them leave with large velocities giving small contributions 
to the integral. For want of a better choice at this time 
we describe the low velocity fraction by a Maxwellian dis. 
tribution corresponding to an effective temperature T. 


o-[«/ CO) 


We have 





whence 


| Jv xed =N, 


n/(T)10- N. 


Taking N=10", n=10" gives T=100°K, n=10" gives 
T =10*. In view of experimental uncertainties, this can be 


considered satisfactory. 


Additional evidence in favor of the conduction theory is 
afforded by Smith's! observation that a continuous spec- 
trum originates within 10-* cm from the cathode surface, 
As is well known, continuous spectra can be obtained from 


high pressure Hg lamps. 


Mierdel’s? work gives an independent estimate of the 
thickness of the dense region. If the arc conduction 
atoms are leaving with velocities of 10* or 10° cm per Mc 
and the source is cut off for 10-* or 10~® second, they can 
move 10~ or 10-* cm in this time. The fact that this ex- 
tinguishes the arc indicates that the dense region is some- 


where near this thickness or less. 


A more detailed paper working out various refinements 
and consequences of the theory is in preparation. 


1C. G. Smith, Phys. Rev. 69, 96 (19 


46). 
2G. Mierdel, Zeits. f. Tech. Physik Ld 452 (1936). 


*C. G. Smith, Phys. Rev. 62, 48 (19 


4A. Dufour, J. de phys. et rad. 5] A tos (1911). 


5 J. Slepian, Phys. Rev. 26, 407 


*F. Birch, Phys. Rev. 40, 1054 (i932); 41, 641 (1932). 





F. S. TOMKINS 


Argonne National Laboratory, Chicago, Illinois 


April 5, 1948 


N the course of numerous routine spectrographic an- 

alyses of very small samples of Np*’ it was observed 
that many of tne neptunium lines appeared very broad, 
even under moderate dispersion (SA/mm), suggesting the 
presence of wide hyperfine structure.! The widest nep 
tunium line in the region investigated, at 3829.15A, was 
then photographed by use of the third order of a Baird 





Hyperfine Structure in the Spectrum of Np*”* 
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three-meter grating spectrograph (dispersion = 1.7A/mm), 
with the result that this line was shown to be a flag-pattern 
type hypermultiplet in which the first three components 
were resolved. 

Larger samples of the isotope have become available 
and the spectrum has been investigated in some detail 
using a Fabry-Perot interferometer. The source used was 
a water-cooled Schuler type hollow cathode tube, and the 
spectrograph a Bausch and Lomb large littrow type with 
glass optics. aa 

Under high resolving power all lines exhibiting hyper- 
fine structure appear as flag patterns, some degraded in 
spacing and intensities toward the red and the others 
toward the violet. Approximately fifty of these lines have 
been completely resolved— —in each case into six compo- 
nents. This is strong evidence that we are here concerned 
with a case analogous to that found in praseodymium, 
where every line showing hyperfine structure which can 
be resolved is shown to consist of six components.? 

For neptunium, as in the case of praseodymium, this 
can be interpreted only to mean that for each of the widely 
split spectral terms involved, J is greater than J and, con- 
sequently, the number of hyperfine levels into which the 
term is split is equal to 27+1. Thus it appears that for 
Np*’?, J=5/2. 

This work will be published in detail in the near future. 

*This document is based on work performed under Contract 
Number W-31-109-eng-38 for the Atomic Energy Project at the Ar- 
gonne National Laboratory. ‘ ¥ 

1F, S. Tomkins and M. Fred, Argonne National Laboratory, Project 


Report ANL-4018, August 13, 1947. 
oH. E. White, Phys. Rev. 34, 1391 (1929). 





Characteristics of the Parallel-Plate Counter 


L. MADANSKY AND R. W. Pipp 


Randall Laboratory of Physics, University of Michigan, 
Ann Arbor, Michigan 


March 29, 1948 


HE measurement, by means of particle counters, 

of very short time intervals is important in the 
study of successive nuclear transitions and in the measure- 
ment of the lifetime of the meson. Lifetimes as short as 
10-7 second have been measured.*? One of the fundamental 
limitations in such measurements is the inherent delay 
time of the counter. In a Geiger counter this delay has its 
origin in the drift time of the secondary electrons from the 
point of production to the small avalanche region sur- 
rounding the central wire, and consequently varies from 
one count to another. When the paths of the primary 
electrons are restricted, by means of slits, to a very small 
region about the central wire, the delay time can be limited 
to about 10-7 second. The lower limit in lifetimes that 
can be measured is about 0.3 the average delay time of the 
counters, provided the distribution of inherent counter 
delays is accurately known. Hence, the Geiger counter is 
not applicable to the measurement of lifetimes less than 
3X10-* second even with extreme collimation. 
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Fic. 1, Time delay distribution. 


Since the delay time is inherent in the cylindrical ge- 
ometry, it has been proposed? that parallel-plate electrodes 
be substituted for the cylindrical electrodes in the Geiger 
counter. In the case of the parallel geometry the whole 
counter volume should be uniformly avalanche sensitive; 
thus, the beginning of the avalanche should follow the 
formation of the initiating ion without delay. 

For the experiment to be described a counter was con- 
structed using 3-mil copper foil as the parallel surfaces. 
The foils were stretched as “drum heads” in 2-inch di- 
ameter circular frames, and were placed 1 mm apart. 
The counter was filled to a pressure of 2 atmospheres with 
a mixture of 90 percent argon, 10 percent N-butane. It 
was necessary to quench the discharge with a Neher- 
Pickering circuit having a time constant of 10~ second. 
Under these conditions the counting threshold was 3000 
volts with a 900-volt plateau. The pulses produced (with- 
out amplification) in a 70-ohm transmission line were 
about 600 volts in amplitude and had a rise time of less 
than 10-* second, which agrees with the breakdown time 
given by Loeb.‘ The efficiency of the counter for electrons 
was 10 percent. 

The delay was measured by causing beta-rays to trav- 
erse a thin walled cylindrical Geiger counter and the 
parallel-plate counter in tandem. To reduce as far as 
possible the delay in the Geiger counter the beam was 
restricted by slits which limited it to a 1-mm region sur- 
rounding the central wire. 

The parallel-plate pulse initiated a $-microsecond sweep 
on an oscilloscope (SRP11 tube operated at 10 kv) and the 
Geiger pulse was displayed as a vertical deflection. A 
point on the sweep which represented “zero” delay for 
both counters was found in an auxiliary experiment by 
connecting the parallel-plate counter simultaneously to 
the horizontal and vertical circuits. To place the zero in 
the best part of the screen, a small fixed delay was intro- 
duced into the vertical deflection circuit. A deviation to 
the right of zero on a sweep going from left to right in- 
dicated an excess of Geiger delay over parallel-plate delay, 
whereas a deviation to the left of zero indicated a larger 

delay for the parallel-plate counter. Results of photo- 
graphs of the dispersion of the Geiger pulses are shown in 
Fig. 1. It is seen that, within the accuracy of measurement, 
there are no pulses to the left of zero, while the distribu- 
tion to the right shows an average delay for the cylindrical 
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counter of 2 10~§ second. The delay error of the parallel- 
plate counter appears to be less than the accuracy of 
measurement which is 10~* second. 

The advantage of the short delay time, large solid angle, 
and large output pulse of the parallel-plate counter should 
make possible measurements of lifetimes of the order of 
10~* second. However, the present indications are that the 
efficiency is low (~10 percent) and that the recovery time 
is comparatively long (~0.01 sec.). A coincidence set of 


THE EDITOR 


parallel-plate counters has been constructed to measy 
short-lived metastable states of nuclei. 

The authors are indebted to Professor H. R. Crane for 
many valuable suggestions. The work was supported 
the U. S. Navy, Bureau of Ordnance, under Contract 
NOrd 7924. 


? L. Madansky and M. L. Wiedenbeck, Phys. Rev. 72, 185 (1947 

2S. De Benedetti and F. K. McGowan, Phys. Rev. 71, 380 (isa. 

3 J. W. Keuffel, Phys. Rev. 73, 531 (1948). ). 

*L. B. Loeb, Fundamental Processes of Electrical Discharges in Gases 
(John Wiley and Sons, Inc., New York, 1939), p. 426, 
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Proceedings of the American Physical Society 


MINUTES OF THE MEETING AT CHICAGO, ILLINOIS 
DECEMBER 29-31, 1947 


HE 282nd meeting of the American 
Physical Society was held in Chicago at 
the University of Chicago on Monday, Tuesday, 
and Wednesday, December 29, 30, and 31, 1947. 
For the first time since 1940, and possibly for the 
last time altogether, we thus met in conjunction 
with the American Association for the Advance- 
ment of Science. Two symposia of our meeting— 
that pertaining to “High Altitude Research by 
Rockets,” arranged by a group headed by F. L. 
Whipple, and that pertaining to “Physics of 
Polymers of Biological Interest,’’ arranged by 
our Division of High-Polymer Physics (J. W. 
Oiska being the programme officer)—were desig- 
nated as joint symposia with Section B of the 
Association. We also had the privilege of staging 
the address of L. A. DuBridge in his capacity as 
retiring vice president of the Association. The 
American Association of Physics Teachers held 
concurrent meetings, and allowed us to figure as 
co-sponsors of their symposium ‘‘ Microwaves and 
their Uses.’’ Several invited papers on nuclear 
physics and solid-state physics appeared on the 
general programme, and the Division of High- 
Polymer Physics presented three sessions of 
invited and contributed papers in addition to 
the symposium before mentioned. Contributed 
papers in the general programme numbered 
sixty-seven. Registration at dur desk totaled 463; 
others must have registered at the desk of the 
American Association of Physics Teachers, still 
others must have attended from other sections 
of the American Association for the Advance- 
ment of Science. It is painful to record that one 
of our sessions was missed by at least one-third 
of the people who wanted to attend it because 
the would-be audience exceeded by the cor- 
responding fraction the utmost capacity of the 
hall. This is a symptom of the growth of our 
Society; but happily we need not yet omit the 
University of Chicago from the list of our meeting 
places, since timelier reservation would have 
made a larger hall available. 
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The dinner, under the auspices of the American 
Association of Physics Teachers, was held on 
Tuesday evening in International House with an 
attendance of about 240, completely filling this 
dining room. Paul Klopsteg gave an after-dinner 
demonstration lecture on the art and science of 
archery under the title ‘Bows and Arrows.” 

The Council met on Tuesday afternoon. W. V. 
Houston was nominated to the Governing 
Board of the American Institute of Physics for 
a three-year term as one of our representatives. 
The Council accepted the gracious invitation of 
the University of Wisconsin to hold the 1948 
Summer Meeting in the East in its buildings at 
Madison. Eight candidates were elected to Fel- 
lowship, and one hundred and thirty-eight to 
Membership: their names are appended. 

Word has reached the Society of the death of 
four of its members: F. L. Bishop (University of 
Pittsburgh), C. A. Briggs (Washington, D. C.), 
C. R. Fountain (Washington, D. C.), D. F. 
Windenburg (David Taylor Model Basin). 


Elected to Fellowship; 


Marius Bohun-Greene, W. W. Havens, Jr., H. W. 
Fulbright, F. W. Preston, L. J. Rainwater, H. K. Schilling, 
Lennart Simons, W. A. Wildhack. 


Elected to Membership; 


A. A. Aardal, Raymond V. Adams, Jr., Richard Akerib, 
Fernando Alba, Neal S. Anderson, Nicholas G. Anton, 
Arthur Ashkin, Fred Ashworth, David Breed Beard, 
Harold W. Bell, Lawrence H. Bennett, Rene H. Bernas, 
Warren Berning, Andre Berthelot, Earl C. Biffle, Lamont 
V. Blake, Jean P. Blaser, Frederick Kenneth Bloom, 
Merle H. Bragdon, Arthur A. Broyles, Lester Elkin 
Burkhart, Robert L. Butenhoff, Morton Camac, B. H. 
Cherner, C. L. Christ, Giuseppe Cocconi, Ernest Cohen, 
George I. Cohn, Marcello Conversi, Walter E. Crandall, 
William G. Cross, Thomas McLellan Davis, James W. 
Davisson, Leo Diesendruck, Thomas R. Dolezal, John S, 
Dooling, Edward A. Dunlap, David L. Dye, C. A. Dyer, 
William V. Eakins, Herbert Elion, John E. Eullet, Myron 
L. Feistman, Robert O. Fleming, Jr., Richard C. Fowler, 
Abraham S. Friedman, J. Bruce French, Owen Gailor, 
Eugene H. Berber, Roy J. Glauber, Philip A. Goldberg, 


MAY 15, 1948 
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Sidney Golden, Virginia Griffing, R. C. Guthrie, J. Halter, 
Howard G. Hanson, William H. Hartley, Roger F. Hibbs, 
Egon A. Hiedemann, J. J. Hopfield, Malcolm M. Hubbard, 
Res Jost, Werner Kaenzig, Morton F. Kaplon, Isabella 
Karle, Robert Karplus, Lee Kean, Thomas A. Keenan, 
Leason K. Kington, Paul P. Kisliuk, Edward Andrew 
Kmetko, Louis J. Koester, Jr., Edwin F. Kulikowski, 
Lester Lees, Howard O. Lorenzen, Clarence F. Luck, 
Daniel Maeder, Anna I. McPherson, A. T. McPherson, 
Harold Mendlowitz, Melvin L. Merritt, Raymond B. 
Meyer, H. R. Milley, R. C. Mobley, William Lind Morris, 
George Newell, Jr., William-Everett Nickell, Eugene Ray 
Nixon, Albert H. Oshiver, Eli Ossofsky, Anderson Pace, 
Jr., Irving H. Page, James Thomas Palladino, Benjamin 
J. Patton, Richard J. Phelps, John Philosophos, Harold J. 
Plass, Henry H. Plotkin, John H. G. Poole, Fernando E. 
Prieto; John F. Pudvin, Robert V. Pyle, Israel Reff, A. E. 


Remund, R. B. Rice, John E. Robinson, Antop* 
Romero-Juarez, Alma Rosenbaum, Richard F. Rut 
Matthew H. Schrenk, Franklyn K. Schwaneflugel, John 
R. Sewell, Anatole M. Shapiro, Denman Shaw, Jesse 
William Smith, Teddy Lynn Smith, Arnold Sommerfeld 
Edwin A. Speakman, Joseph Sperrazza, Martin § 
Richard S. Stein, Christos G. Stergiopoulos, Malyin D 
Stern, Lloyd Russell Stevens, Alan H. Stillman, Harold E 
Swanson, Gwynne B. Sartz, David H. Templeton, Richard 
N. Thayer, Charles E. Treanor, Donald Tuomi, Robert 
J. Urick, Andre G. Voisin, Agnes C. Wales, Pei Hsin Wei 
J. Wyart, Leo C. Young, Lotfi A. Zaden. 


KarL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 





Invited Papers on the General Programme 


The Physics of Radar. L. A. Dusrince, California 
Institute of Technology. (Retiring address of the vice- 
president of Section B of the AAAS.) 

Interactions between Elementary Particles. Enrico 
Fermi, University of ‘Chicago. 

Mass-Spectrographic Identification of Radioactive Iso- 
topes. A. J. DEMPsTER, Argonne National Laboratory. 

Neutron Polarization and Ferromagnetism. D. J. 
HuGues, Argonne National Laboratory. 

Low Temperature Transformations in Lithium and Some 
of Its Alloys. C. S. BARRETT, University of Chicago. 


Joint Symposium of the American Physical 
Society and Section B of the AAAS 


High Altitude Research by Rockets 


Introduction: Research by Rockets. J. A. VAN ALLEN, 
Johns Hopkins University. Motion Pictures. 

Sky Brightness. H. A. Mitey, Air Materiel Command. 

The Measurement of Atmospheric Pressure between 
the Altitudes of 65 and 110 Km. W. G. Dow, University of 
Michigan. 

Theoretical Considerations of Ambient Temperature 
Measurements of the Upper Atmosphere. Eric Betu, Air 
Materiel Command. 

Pressure and Temperature of the Upper Atmosphere. 
R. J. Havens, Naval Research Laboratory. 

Ionosphere Experiments Utilizing Rockets. T. R. 
BurniGHT, Naval Research Laboratory. 

The Use of a Beacon to Measure Ion Density in the 
E-Layer. Marcus O’Day, Air Materiel Command. 

Characteristics of the Sun’s Spectrum Obtained from 
V-2 Rockets. J. J. Hoprie.p, Johns Hopkins University. 

Some Aspects of the Solar Spectrum between 3000A and 
2300A. H. E. CLEARMAN, Johns Hopkins University. 

Solar Ultraviolet Spectroscopy from V-2 Rockets. R. 
Tousey, Naval Research Laboratory. 





Cosmic-Ray Studies from V-2’s. G. J. PERLOw, Nag 
Research Laboratory. 

Cosmic-Ray Bursts in the Upper Atmosphere. H. f. 
TATEL, Johns Hopkins University. 

Direct Measurement of the Flux of Charged Cosmic. 
Ray Primaries. J. A. VAN ALLEN, Johns Hopkins Univer. 
sity. 


Joint Symposium of the Division of High- 
Polymer Physics and Section B of the 
AAAS 


Physics of Polymers of Biological Interest 


The Hydrolysis of Proteins, H. B. BuLt, Notre Dam 
University. 

Proteins as Polycondensations of Amino Acids. Dororay 
Wrincu, Smith College (abstract follows). 

Studies of the Melting Points, Rigidities, and Optical 
Activities of Gelatin Gels. J. D. Ferry Anp J. E, Ex 
DRIDGE, University of Wisconsin (abstract follows). 

Viscosity and Streaming Birefringence of Nucleic Acid. 
J. P. GREENSTEIN, National Institute of Health (abstract 
follows). 

The Study of Macromolecular Reactions of Biological 
Interest. Paut Doty, Northwestern University. 


Contributed Papers ; 


Al. Total Cross Sections of Fe, Ni, and Bi for Fast 
Neutrons. C. K. BocKELMAN, L. W. SEAGONDOLLAR, AND 
H. H. BarscHa., University of Wisconsin.—A continua 
tion of previous work on the scattering of fast neutrons 
as a function of neutron energy' has been undertaken. 
Neutrons of continuously variable energy were obtained 
by bombarding a thin Li target with protons.. The total 
cross sections of Fe, Ni, and Bi have been measured over 
the 10-kev to 500-kev energy range with a resolving power 
of 20 kev, and over the 200-kev to 1500-kev range witha 
resolving power of 150 kev. With the higher resolution, 
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definite maxima and minima were found for Fe and Ni, 
but not for Bi. These data are in good agreement with 

jous measurements obtained by use of photo-neutron 
sources.? With the lower resolution, the total cross section 
for each of the three elements was found to decrease 
monotonically as the neutron energy increased. A com- 
parison of the experimental results with predicted values* 
will be made. 


1 Seagondollar and Barschall, Phys. Rev. 72, 439 (1947). 
2 Fields, Russell, Sachs, and Wattenberg, Phys. Rev. 71, 508 (1947). 
3 Feshbach, Peaslee, and Weisskopf, Phys. Rev. 71, 145 (1947). 


A2. Beta-Spectra of Cu® as a Test of the Fermi Theory. 
C. SHarp Cook AND LAWRENCE M. LANGER, Indiana 
University.—A detailed investigation of the energy distri- 
butions of the negatrons and positrons emitted by Cu 
has been made under optimum conditions, using a large, 
scatter-free, magnetic spectrometer of high resolution. 
The spectrometer uses a radius of curvature of 40 cm and 
employs a radially inhomogeneous magnetic field to 
obtain second-order focusing in 180° with a resolution of 
0.5 -percent. Chemically separated, cyclotron sources of 
high specific activity about 0.2 mg/cm? thick were mounted 
on a backing support of 0.02 mg/cm?*. The particles were 
detected by a counter whose window has a range of 2.5 kev. 
It is found that for both positrons and negatrons, there are 
more particles at low energy than are predicted by the 
Fermi theory. The positron distribution begins to deviate 
from the Fermi straight line at a higher energy than do 
the negatrons and the deviation is much greater. In 
addition, the ratio of the number of positrons to the 
number of electrons is larger than that predicted by the 
theory for all energies below 0.2 Mev. Whereas the experi- 
mental data of Backus covering the region below 50 kev 
agree with our data over this region, the interpretation of 
Backus’ results by Lewis and Bohm is not consistent with 
our measurements for the entire energy distribution. 


A3. Momentum Conservation in the Beta Decay of P 32 
and the Angular Correlation of Neutrinos with Electrons. 
CHALMERS W. SHERWIN, University of Illinois.—It is 
possible, by evaporation of carrier free P 32, to produce 
what appear to be mono-layer beta-active sources. These 
sources maintain their:characteristics for several hours of 
pressures of about 10-7 mm of Hg. The momentum of the 
recoil ion is measured by timing its flight in a field free 
space. Recoil momentum spectra are observed at 180°, 
135°, 90°, and 45° with respect to the electrons. It is shown 
that (a2) momentum is not conserved between the electron 
and the recoil nucleus; (b) the experimental data are in 
disagreement with any hypothesis in which the neutrino 
and the electron are most probably emitted in the same 
hemisphere; (c) for recoil ions above about 25-ev energy, 
the observed recoil momentum spectra agree rather well 
with those spectra calculated on the assumption of a 
(1-8 cos@) neutrino-electron angular correlation function; 
and (d) below 25 ev, too many recoils are observed com- 
pared to any neutrino theory which gives agreement for 
high momentum recoils. Since the reason for the disagree- 
ment below 25 ev is not understood, the selection of the 
(1-8 cos) function must be regarded as tentative. 
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A4. H* and the Mass of the Neutrino. Jonn R. Pruett, 
Indiana University.—Tritium appears to have an anoma- 
lously short life (10-20 years) for its energy release (11-15 
kev). Konopinski* has shown that this could be explained 
on the basis that an unobserved part of the energy is 
released in the form of a (anti) neutrino of very small but 
finite rest mass. He confined himself largely to purely 
statistical considerations in obtaining an estimate of the 
(anti) neutrino mass (u m) needed (1/45 to 1/30 of the 
electron’s rest mass m). At least two fairly important 
factors were ignored by him: the influence of the Coulomb 
field on the electron and a relativistic correction factor 
which arises from the summation over spins of the emitted 
particles, 1—(u/WK). Here W, K are the total energies of 
each particle in units of mc*. When these factors are taken 
into account, one finds that considerably larger values of 
u are needed than those estimated by Konopinski. Taking 
20 years for the half-life and making the comparison to 
He* as done by Konopinski, one finds 4=0.277 if the 
energy release is 11 kev, u=0.054 if 15 kev. No neutrino 
mass would need to be assumed if the energy released 
were found to be as high as 20 kev. The influence of the 
neutrino mass on the shapes of the H*, C“, and other 
spectra will also be discussed. 


* E. J. Konopinski, Phys. Rev. 72, 518 (1947). 


AS. Short Lived Metastable State in an “Even-Even” 
Nucleus: Ge”. J. C. Bowe, M. Go_puaser, R. D. Hit, 
W. E. MEYERHoF, AND O. Saa,* University of Illinois.— 
Among the radiations of Ga™ (14.1 hr), which decays to 
Ge™, internal conversion electrons corresponding to a 
transition of 0.7 Mev have been noticed by M. Deutsch 
and K. Siegbahn (private communication). Using delayed 
coincidences, we find that internal conversion electrons 
with a range in Al of ~240 mg/cm* are emitted from an 
excited state of Ge” with a half-life period of (520.5) x 10~? 
sec. These electrons follow a weak beta-branch of Ga™ 
with an intensity of the order of 1 percent. We have been 
unable to detect delayed gamma-rays and we conclude 
that at least 50 percent of the delayed transitions are 
internally converted. These facts are compatible with the 
assumption that we are dealing here with a 0-+0 transition 
with no change of parity, similar to the classical case in 
RaC’ first investigated by C. D. Ellis and R. H. Fowler. 
For such a transition no gamma-ray emission is possible 
and the excitation energy is transferred by direct inter- 
action from the nuclets to an electron of the K, L or 
higher shells. No good agreement between experiment and 
theory can be obtained if other types of isomeric transitions 
are assumed (e.g. Al = 2, 3 or 4). 


2 ~ pais Fellow of the University of Saé Paulo, Sad Paulo, 
raz 


A6. Multiple Nuclear Isomerism. E. DER MATEosIAN, 
M. GoLpHaBER, C. O. MUEHLHAUSE, AND M. McKeown, 
Argonne National Laboratory.—In the course of an investi- 
gation of the activity induced in Sb by slow neutrons we 
noticed three previously unobserved short periods with 
the following half-lifetimes: 1.3 min., 3.5 min., and 21 min. 
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Their saturation intensities are of the order of a few tenths 
of one percent of those of the known activities, Sb™ 
(2.8 d.) and Sb“ (60 d.). Using a sample of Sb enriched 
in Sb™ (96.3 percent Sb") we found that the 1.3- and 21- 
min. periods are both due to isomers of Sb™ (60 d.) and 
that the 3.5-min. period is due to an isomer of Sb" (2. 8d.). 
Characteristic Ka radiation of Sb was found to be associ- 
ated with the 3.5-min. period, but not with the 1.3- and 
21-min. periods. The 3.5- and 21-min. periods both show 
intense soft electrons with half-value thicknesses in Al of 
1.7 mg/cm* and 0.2 mg/cm?, respectively, indicating 
internal conversion electrons with approximate energies of 
110 kev and 14 kev, respectively. The isomeric transition 
of Sb™ (21 min.) appears to be of lower energy than the 
K work function of Sb (31 kev). The 1.3-min. isomer 
decays with the emission of negative beta-rays of 3.2+0.2 
Mev maximum energy. 


A7. Coincidence Experiments on Sc** and Au™.* E. T. 
JURNEY AND MARGARET R. KEckK, Indiana University.— 
Coincidence measurements of the type described by 
Mitchell, Langer, and McDaniel' have been made on the 
isotopes Sc** (85 d.) and Au! (2.8 d.). For Sc** both 
gamma-gamma and beta-gammia coincidences were found. 
The ratio of the number of gamma-gamma coincidences 
per gamma-ray counted was (0.720+0.08)x10-*. This 
indicates cascaded gamma-rays in the decay scheme. The 
ratio of the number of beta-gamma coincidences counted 
to the number of beta-rays counted was constant for 
absorber thicknesses up to 0.068 g/cm*. Our results are 
in agreement with the disintegration scheme proposed by 
Feister and Curtiss; our coincidence techniques are not 
selective enough to obtain beta-gamma _ coincidences 
involving the high energy, low intensity beta-ray group 
reported by Peacock and Wilkinson. Earlier measurements 
on Au’ by Clark definitely indicate gamma-gamma 
coincidences. We repeated this experiment using gold 
which had been chemically separated and obtained no 
evidence of gamma-gamma coincidences. The ratio of 
beta-gamma coincidences to counted beta-rays was found 
to be constant for absorber thicknesses up to 0.270 g/cm’, 
which is in agreement with Clark and with Norling, 
indicating that the beta-ray spectrum is simple, and leads 
to an excited state of Hg’®* from which a gamma-ray of 
0.41 mv follows. 


* This research was supported by a grant from the Office of Naval 


esearch. 
1A. C. G. Mitchell, L. M. Langer, and P. W. McDaniel, Phys. Rev. 
57, 1107 (1940). 


A8. Beta-and Gamma-Rays of Ga’*. A.C.G. MITCHELL, 
B. D. KERN, AND D. J. ZAFFARANO, Indiana University.— 
The spectrum of Ga™ (14.1 hr.) is being investigated 
using a magnetic lens spectrometer. The spectrum is quite 
complicated and to date only the lines of higher intensity 
are known. Photoelectric lines, using a lead radiator, 
have been found for which the gamma-ray energy is 0.64, 
0.84, 2.15 and one of higher energy. The distribution of 
the Compton electrons from a copper radiator was studied 
and gave lines corresponding to gamma-rays at 0.64, 0.71, 
0.84 and the high energy lines. In addition there is some 








evidence for a weak line at 1.48 mv. The beta-ray spect 
shows an internally converted line, gamma-ray 

0.71 mv. The beta-ray spectrum is complex. There are 
at least three groups with end points at 3.09, 22 and 
0.79 mv. ; 


A9. Gamma-Radiation from Scandium, Cerium, ang 
Terbium. J. M. Cork, R. G. SHREFFLER, anp C, y 
Fow.er, University of Michigan.—Spectrometric studies 
have been made of the radiations from specimens gf 
scandium, cerium and terbium, irradiated in the Oak 
Ridge pile by the (m, 7) reaction. The isotopes formed 
should be Sc** (85 d.), Ce™ (28 d.), and Tb (72 d), 
Scandium shows no converted gamma-ray but by absorp. 
tion in copper and lead a gamma-line is observed at 1,15. 
Mev. Cerium has converted gamma-rays of 137.1 and 
145.0 kev. Terbium shows many lines due to internal cop. 
version. K-L-M differences are observed characteristic of 
the next heavier element, dysprosium, showing the gamma. 
radiation follows beta-emission. The lines as identified 
show gamma-rays of 85.6, 194.7, 213.2, and 298.0 kev, and 
by absorption a gamma-ray at 1.10 Mev. In one case con. 
version due to N electrons is identified. 


A10. On the Emission of Continuous 7-Radiation during 
G-Decay. C. S. WANG AnD D. L. Fackorr,* University of 
Michigan.—The continuous y-ray spectrum due to the 
sudden change in nuclear charge during 8-decay has been 
treated by Knipp and Uhlenbeck' and F. Bloch,? who 
calculated the bremstrahlung by second-order perturbation 
theory in which the perturbing potentials were the Fermi 
electron-neutrino interaction for the allowed §-decay, and 
the electromagnetic interaction for the y-emission. Knipp 
and Uhlenbeck also calculated the y-spectrum by first- 
order perturbation theory assuming the Fermi energy 
distribution for the outgoing 8-particles and using only the 
electromagnetic coupling to the radiation field. We have 
extended these calculations to the different types of 
8-interactions and to various orders of forbiddenness and 
find, contrary to a remark of Morrison and Schiff,? that 
the two methods give essentially the same result: The 
y-spectrum has practically the same shape, and the ratio 
of the total y-intensity to 8-energy is the same for forbidden 
as allowed transitions. We are able to account for this 
by consideration of a simple classical analog for the 
bremstrahlung. 


* National Research Council Pre-doctoral Fellow. 

1J. K. Knipp and G. E. Uhlenbeck, Physica III, 425 (1936). 
2F, Bloch, Phys. Rev. 50, 272 (1936). 

* P. Morrison and L. I. Schiff, Phys. Rev. 58, 24 (1940). 


All. Introduction of Two Neutrons into Atomic Nuclei 
under H? Bombardment. D. N. Kunpu Anp M. L. Poot, 
Ohio State University.—H!? particles have been used for the 
introduction of two neutrons into atomic nuclei. The H* 
was produced by bombarding Be with 10-Mev deuterons 
as previously reported. The target was metallic Rh and 
Co placed immediately behind the Be foil. After chemistry, 
the Rh fraction of the first foil showed the 35-hour Rh™ 
activity. The activated layer of the bombarded Co block 
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was etched out with nitric acid and the Co fraction 
showed the 1.75-hour Co® activity. Beta-energy measure- 
ments by absorption in aluminum gave as the maximum 
values 0.6 Mev for the 35-hour Rh and 1.1 Mev for the 
1.75-hour Co. No gamma is emitted by Co in the 1.75- 
hour period. The possibility that the activities are pro- 
duced by ordinary neutrons from the Be has been ex- 
cluded. Since Rh'* and Co** are the only stable isotopes 
of Rh and Co with 100 percent abundance, two neutrons 
have been introduced into each of the Rh'® and Co** 
nuclei according to the reactions Rh'®(H*,p)Rh'® and 
Co**(H?,p)Co", respectively. The mechanism appears to 
be mostly an Oppenheimer-Phillips process with H!*. 
The results indicate a probable evidence of the di-neutron 


(on). 


W1. Depolarization of Light Scattered by Macro- 
molecular Solutions. PauL Dory* anp S. J. Stein, The 
Royal Institution, London, and the Polytechnic Institute of 
Brooklyn.—The light scattered transversely from a solution 
through which a parallel beam of monochromatic, polarized 
light passes, can be readily resolved into vertically and 
horizontally polarized components. When the incident 
light is vertically polarized these components in the 
scattered light are designated as V, and H,; when it is 
horizontally polarized the components are denoted by Va 
and Hy, respectively. A qualitative theory is presented 
which predicts the variation of these four components with 
such variables as molecular weight, concentration, mo- 
lecular size, solvent-solute interaction, and ionic charge. 
These details are discussed separately for flexible and rigid 
molecules. The results for the different components can be 
combined to predict the behavior of the conventionally 
measured depolarization ratios: pp (=H,/Ve) and pr 
(=Vi/H,). It is clear that less ambiguous interpretations 
of data are possible if the absolute values of the individual 
components are measured rather than the ratios as 
heretofore. The calculation of macromolecular dimensions 
by measuring depolarization ratios is discussed and several 
important errors in the literature are corrected. Some 
measurements on polymer solutions and tobacco mosaic 
virus solutions under different conditions are presented 
and interpreted in terms of the theory. In particular, a 
correlation of orientation in the contacts of polymer 
segments is noted and a precise test of the calculation of 
dimensions of rod-like molecules from depolarization 
measurements indicates the essentially qualitative nature 
of this relation. 


* Present address: Chemistry Hall, University of Notre Dame, 
South Bend, Indiana. 


W2. Absorption Analysis of High Molecular Substances. 
INGRID CLAESSON AND StiG CLAEssoN,* University of 
Uppsala, Sweden.—Some preliminary experiments have 
been carried out in order to investigate the possibilities of 
using adsorption analysis in the study of high polymeric 
substances. The experimental arrangements for adsorption 
analysis developed by Tiselius and one of the present 
authors will be described. So far the so-called frontal 
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analysis has been used. This means that the solution is 
forced through a column with adsorbent and the concen- 
tration of the effluent is followed continuously with a 
micro-interference-refractometer. Activated charcoal has 
been used as adsorbent. It has been possible to show the 
occurrence of different discrete fractions in nitrocelluloses, 
polyvinylacetates, and synthetic rubbers. The fractions 
are similar in molecular weight only as they fail to show 
up as separate boundaries when the original rather poly- 
disperse solution is ultracentrifugated. The fractions from 
the adsorption analysis are less polydisperse than the 
original solution. From a separate study it has been found 
that the amount adsorbed decreases with increasing 
molecular weight of the high polymeric substances and the 
same is true for the rate of adsorption (diffusion effect) 
which is rather slow. Both these effects will cause the 
higher molecular species to occur in the first fractions, 
making it possible to fractionate high polymeric substances 
according to molecular weight. The separation factor is 
however not large enough to account for the occurrence 
of the discrete fractions mentioned earlier. Thus it appears 
that adsorption analysis makes it possible to fractionate 
high polymeric substances both according to molecular 
weight and to other variables. 


* Visiting Professor, University of California. 


W3. Elasto-Viscous Properties of Polyisobutylene I: 
Relaxation of Stress in Whole Polymer of Different 
Molecular Weights at Elevated Temperatures. R. D. 
ANDREWS,' N. HorMANn-BANG,? AND A. V. ToBoLsky.'— 
Stress relaxation in polyisobutylene whole polymers of 
different average molecular weights has been investigated 
over the temperature range 30°-100°C at different elonga- 
tions. The relaxation curve for a given molecular weight, 
when plotted as “reduced stress’’ vs. logarithmic time, has 
the same shape at different temperatures, differing only in 
position along the time scale. Activation energies for 
relaxation, calculated by use of the Arrhenius equation, 
are found to be experimentally identical for the different 
molecular weights, having the average value 15.4 kcal. 
The shape of the relaxation curve is independent of 
elongation up to approximately 70 percent elongation; 
beyond this value the relative decrease in stress between 


any two arbitrary time values increases with increasing 


elongation. The relaxation curve does not correspond to 
exponential, hyperbolic tangent, or exponential integral 
functions; the experimental points are fit best by a hyper- 
bola. Reciprocal viscosity average molecular weight plotted 
against the logarithm of the time at which the reduced 
stress has a certain arbitrary value, at a fixed temperature 
and elongation, yields straight lines. Relaxation rate 
depends on molecular weight with sufficient sensitivity so 
that stress relaxation may be a practical method of 
measuring the molecular weights of raw polymers directly 
in the solid state. 

F 1 Frick Chemical Laboratory, Princeton University, Princeton, New 
ersey. 


2 Present address: The Technical Universitv of Denmark, Copen- 
hagen, Denmark. 
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W4. The Viscosity of Glass. Howarp A. ROBINSON 
AND EDWARD M. Man, JR., Armstrong Cork Company.— 
A careful study has been made of empirical formulae which 
have been proposed connecting the viscosity of glasses 
with temperature. It is shown that the Waterton equation 


bo 
=A [=e | ' 
and the Fulcher equation, 


n=A exp[B/(T—T»)], 


are essentially identical and that both can be made to fit 
experimental results well within the experimental error 
from logy =16 down to logn=1.5. Beyond these extremes 
the formulae diverge. It will be shown that A, B, and To, 
the constants of the Fulcher equation, are linear functions 
of glass composition. Factors will be presented for the 
two component Na:,O—SiO: glasses: Successful applica- 
tions of these ideas have been made to glasses containing 
as many as eight components. It is, therefore, possible to 
calculate the viscosity of glasses of quite wide composi- 
tional ranges by means of these empirical factors with an 
average accuracy of less than five degrees Centigrade for 
each viscosity point calculated. 


WS. Use of the Electron Microscope in Exploring the 
Smoothness of Surfaces. RopLey C. WILLIAMs, Uni- 
versity of Michigan.—The application. of the electron 
microscope in the study of surface detail has been greatly 
extended in recent months by the improvement of tech- 
niques which allow extremely small irregularities to be 
photographed. It is now possible to discern sharp surface 
discontinuities of magnitude less than 5 angstrom units. 
The methods have been used to explore the detail in the 
surfaces of polymers such as collodion, polyvinyl formal 
(Formvar), and polythene, and in the surfaces of non- 
organic materials such as crystals, thin evaporated films, 
and glass. 


B1. Interpretation of the Triton Moment. R. G. Sacus, 
University of Wisconsin.—The present status of the inter- 
pretation of the triton moment will be summarized. Two 
distinctly different approaches to the problem have been 
taken: (1) Villars has estimated the contribution to the 
moment of the exchange current produced by a pseudo- 
scalar meson field and has found it to be adequate. Pre- 
sumably other types of meson field would also produce 
the required exchange current. (2) .The character of the 
wave function required to explain the moment in the 
absence of exchange currents has been determined. It was 
found in this case that the wave function must contain a 
large admixture of *P, ‘P, and ‘D states. A measurement 
of the He* moment would lead to a clearcut decision 
between the interpretations (1) and (2), since (1) leads to 
a He* moment ten percent greater in magnitude than the 
neutron moment while (2) leads to a He* moment no more 
than six percent greater. A decision in favor of (2) would 
appear to indicate the existence of strong three body 
spin-orbit interactions in nuclei since a binding energy 
calculation has indicated that the tensor interaction would 
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not lead to a wave function containing the 
admixture of states. A decision in favor of (1) wou 


Id 
to be strong evidence for the existence of meson caclany 


currents in nuclei. 


B2. The Hyperfine Structure of K*°.* Lurnee Dams, 
JR. AND JERROLD R. ZACHARIAS. Massachusetts Institut, 
of Technology.—The atomic beam magnetic resonance 
method has been used to determine the hyperfine structure 
Av of K“ and to make a positive assignment of the results 
to the nucleus of mass 40. The apparatus used in these 
measurements was similar to that described by : 
but with the addition of a mass spectrometer in Place of 
the usual surface ionization detector, which in this cage 
serves as the source of ions for the mass spectrometer. 
The mass spectrometer reduces the general background 
due to other alkali atoms in the apparatus and othe 
isotopes of potassium in the beam. The entire apparatus 
has been designed for measurements with artifically 
radioactive nuclei, such as Na™, and a special oven witha 
long exit canal was used to conserve material. At mag 
number 40 transitions were observed at weak field and 
low frequencies (2 to 8 Mgc) which correspond to an 
alkali atom with a nuclear spin of 4. A resonance at 
1285.745 Mgc in a field of 2.58 gauss and another at 
1285.774 Mgc in a field of 3.37 gauss when weighted yield 
a value of the Av for K® of 1285.73.05 Mgc. This 
confirms previous results. 


* This work has been supported in part by the Signal C 
Air Materiel Command, onl the Office of Naval Rheseasth., =o 


B3. An Ion Source for Isotopic Mass Comparisons, A. 
E. SHAw, Argonne National Laboratory.—Experiments 
have been continued with the source of positive ions 
described in a previous paper! in which solid samples were 
heated in a tungsten crucible to a high temperature by 
electron bombardment. It was found that a fraction of 
the bombarding electrons may be used to ionize neutral 
atoms as they leave the crucible. Ionized atoms with all 
charges up to six have been observed with 500-volt elec- 
trons. This source is suitable for comparing the masses 
of the isotopes of heavy elements with those of the light 
elements for which more accurate masses are known. 
Preliminary observations have been made with a double 
focusing mass spectrograph on the doublet, Cu**—Pt*, 
at mass 65. Uranium ions with four charges appear at the 
equivalent mass 59.5 and have been compared with the 
nickel masses. Platinum with six charges can be compared 
with the oxygen molecule at mass 32; and platinum with 
five charges with potassium 39. 


1 Phys. Rev. 71, 277 (1947). 


B4. The Packing Fraction of Zirconium. WILFRID RAL,’ 
Metallurgical Laboratory.—The packing fraction of the 
zirconium isotopes, relative to uranium, has been deter- 
mined directly. Mass spectra permitting comparison of 
doubly charged zirconium ions with quintuply charged 
uranium ions were obtained with a double-focusing mass 
spectrograph of the type used by Dempster! with a spark 
as source of ions. Since quintuply charged uranium-238 
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occurs at 47.6, only the zirconium isotopes at 46, 47, and 
48 were measured. The zirconium-uranium packing frac- 
tion difference was calculated from measurements of 
eighteen mass spectra, on the assumption that it was the 
same for the three zirconium isotopes. The value obtained 
was —(12.1+0.9)xX10~. This agrees, within the experi- 
mental error, with the curve given by Dempster,’ since his 
value of 5.6X10~* for uranium gives — (6.50.9) x 10~ 
for zirconium. However, more precise measurements are 
necessary fully to check the smoothness of the packing 
fraction curve in this region. Evidence for a source of 
error inherent in the method of obtaining these mass 
spectra was indicated by the variation in relative position 
of lines which was greater than the error of measurement. 


* Now a Fellow of the Institute of Radiobiology and Biophysics, 


iversity of Chicago. 
Un. Dempster, Phys. Rev. 53, 64 and 869 (1938). 


BS. Radioactive Selenium 73 and 75. Wiram S, 
Cowart AND M. L. Poot, Ohio State University.—Ger- 
manium was bombarded with 20-Mev a-particles and the 
arsenic and selenium fractions were removed by chemical 
separations. A new activity of 7.0-hours half-life was 
found in the selenium fraction. The emission was found to 
consist of 1.29-Mev positrons (0.59 g/cm? Al) and a 
small amount of x-rays which had a wave-length of about 
1.2A. K-electron capture is thus evident in this short 
positron period. Gamma-rays if present were very weak 
compared to the annihilation radiation. Since the activity 
is not produced by deuteron bombardment of As or Se, 
the assignment is made to Se”, The decay is into a long 
period, presumably the 90-day period of As”. No evidence 
of decay into the 2.08-day period of As™ was found. 
Alpha-particle bombardment of Ge and deuteron bom- 
bardment of As give a long period activity in Se”*. Based 
upon nearly three years of decay a value of 127+2 days 
was found. Decay is by K-electron capture. 


B6. Threshold for Proton-Neutron Reaction in Copper. 
W. E. SHoupp, B. JENNINGS, AND W. Jones, Westinghouse 
Research Laboratories.—The threshold energy for the pro- 
duction of neutrons from the bombardment of copper 
with protons has been measured with a BF; chamber, 
surrounded with paraffin, as a neutron detector. The 
proton energy was calibrated against the Li’(p,m) reaction 
previously reported. The (p,m) threshold occurs at E, 
=2.164 Mev giving Q = —2.131+.01 Mev, and is evidently 
associated with the copper isotope Cu“, This gives for 
the mass difference, (Zn**—Cu*)=1.376 Mev. Using 
64.955 my for the mass of Cu*®, the mass of Zn® is 64.956 
my. Since the Zn* decays by positron emission, the 
maximum energy of the positron spectrum may be com- 
puted to be 0.355 Mev. 


B7. The Electro-disintegration of Cu®*, Ag’*’, and Ag’. 
J. S. Laucuim, L. S. Skaces, A. O. HANSON, AND J. J. 
Oruin, Urbana, Illinois —The external electron beam from 
the University of Illinois betatron has been used to study 
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the electro-disintegration of Cu™, Ag’, and Ag’ with 
electrons of energies 13 Mev, 16 Mev, and 174 Mev. Sets 


of thin, uniform foils were inserted in the electron beam ° 


and the activities induced by the concommittant electro- 
and photo-disintegration reactions measured. The inter- 
cept in the first foil of the linear increase of activity as a 
function of foil position represents the electro-disintegra- 
tion effect plus a small, known background x-ray effect. 
The electron current was measured by placing an open air 
ionization chamber just behind the foils which collected 
the ionization produced by the electrons which passed 
through the foils. The cross sections for the (e; n, e’) 
reaction at 16 Mev were determined to be 17, 49, and 
77X 10-** cm?* for Cu®, Ag'®?, and Ag’®*, respectively. The 
slope of the activity curves together with the theoretical 
value of the radiation cross section and the x-ray spectrum 
were used to estimate the photo-disintegration cross 
sections. These were consistently 400 times greater than 
those for electro-disintegration. 


B8. Technique of Producing an External Beam of 
Electrons from the Betatron. L. S. Skaccs, J. S. LAUGHLIN, 
AND L. H. LAnzx, Urbana, Illinois.—The beam is removed 
from the University of Illinois betatron, using a magnetic 
shunt of laminated iron mounted inside a specially designed 
donut.! The mounting allows considerable motion of the 
shunt with respect to the donut. The electron orbit is 
sensitive to the position, size, and shape of the magnetic 
shunt; too close proximity to the equilibrium orbit or too 
great a height causes automatic expansion of the orbit 
before the electrons have reached their maximum energy. 
A standard injector is used with its entire structure at a 
greater radius than that of the entrance end of the mag- 
netic shunt. The perturbation of the magnetic field due to 
the shunt is removed at the time of injection by firing a 
12-microsecond saw tooth pulse through a degaussing coil 
which surrounds the shunt. The beam emerges from the 
donut through a 1.5-mil Duralumin window and has a 
width of about 0.7 cm and a height of 0.2 cm. The duration 
of the pulse of mono-energetic electrons is less than one 
microsecond and the energy can be continuously varied. 
The current is of the order of 10-* amperes. 


1L. S. Skaggs, G. M. Almy, D. W. Kerst and L. H. Lanzl, Phys. 
Rev. 70, 95 (1946). 


B9. Search for Weak Natural Radioactivities by the 
Method of Active Daughter Extraction. Truman P. 
KouMAN, University of Chicago.—It has been suggested! 
that some of the apparently stable nuclides of even mass 
number which lie near the stability limits may actually be 
beta-labile with very long lifetimes. The immediate decay 
products would be relatively short-lived radionuclides, 
which by chemical extraction would be extremely sensitive 
indicators for the activity of the parents. Ca** appears to 
be well outside the zone of stability.? A test for the presence 
of 44-hour Sc** in 3-kg calcium gave negative results, 
indicating a minimum half-life for Ca* of 5X10" years. 
Sn™5 seems definitely outside the stability zone for odd 
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mass numbers. In™*® has a 4.5-hour metastable state, to 
which Sn"™* should decay if the Sn™4—In"™5 mass difference 
exceeds the In"5* excitation energy, 0.338 Mev. A search 
for In™5* in 1.2-kg tin showed no activity, indicating a 
minimum half-life for this mode of decay of Sn™* of 5X 10"4 
years. Since Sn™* and In"™5* have the same spin, this sets 
an upper limit to the Sn"*—In"™5 mass difference at 
0.34 Mev. 


a od Ln P. Kohman, “The limits of beta-stability,"’ Phys. Rev. 73, 16 
2See also I. Joliot-Curie, J. de phys. et rad. [8] 6, 209 (1945), and 
Saha and Saha, Nature 158, 6 (1946). 


B10. Performance of an Electron Multiplier Tube 
Counting Alpha-Particles. S. K. ALLISON AND L,. DEL 
Rosario, University of Chicago.—Alpha-particles from 
polonium were slowed down in air and admitted to an 
electrostatic deflector which selected energies (homo- 
geneous to ~1 percent) in the range between 0.4 and 1.6 
Mev. The particles were then detected by an electron 
multiplier tube of the type developed by J. S. Allen, having 
12 beryllium copper electrodes. The pulses put out by the 
tube were electronically amplified in voltage by factors of 
273, 546, and 1082 in various trials, and scaled and counted 
on conventional equipment. The combination of the tube 
and the relatively low external amplification constitutes a 
very reliable and stable detector of the presence of alpha- 
particles; for instance, when counting 1150 particles per 
minute the background, with the polonium screened off, 
would be 20 per minute. The distribution of pulse heights 
is fully developed at 500 volts per stage in the tube. At a 
pressure of 4X10-§ mm, half the alpha-pulses put out by 
the tube were less than 0.03 volts in height and half above 
this value. A corresponding point in pulses from electrons 
whose energies were not accurately known but must have 
been less than 34 kev occurred at 0.005 volts, and if pulses 
less than 0.04 volts were discriminated against, the equip- 
ment responded only to alphas in the presence of betas. 
It is possible that at lower pressures than ours, the alpha- 
pulse height distribution might be different. 


X1. A Theory of Commercial Yarn Testing. CHARLEs J. 
GEYER, JRr.,* C. H. RE1ICHARDT,** AND GEORGE HALsey,** 
Textile Foundation—A method has been devised for the 
application of the theory of the three-element shear model 
of Eyring and co-workers to textiles which does not 
necessitate the location of the “‘basic spring line” and thus 
is readily applicable to both yarn and fiber tests and to 
the commercial inclined-plane and pendulum-type testers. 
It is also applicable as a first approximation to those 
textiles which do not possess a “basic spring line’ as 
such. The method employs the conventional spring con- 
stants or elastic moduli but determination of the viscous 
constant involves the magnitude of the relaxation in 
constant rate of elongation experiments (or the magnitude 
of the creep in constant rate of loading experiments) from 
the upper envelope per interval of time. The relationship 
has been employed to establish the correlation between the 
visco-elastic properties of “‘slashed’’ and “unslashed”’ 
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viscose tire cord rayon yarns and also to show the iden: 
of single filament stress-strain relationships with those of 
yarns of normal twist of the same textile. The simp; 
of technique which enables this method to be used as 3 
routine laboratory test for the determination of the Visco. 
elastic properties of textiles affords it a distinct advan 
over previous methods, which were often unsatisfactory 
from both a theoretical and an experimental viewpoint. 


* American Viscose Corporation, Front Royal, Virginia. 
** Fellows, The Textile Foundation. 


X2. Creep, Recovery, and Permanent Set for GR-S ang 
Hevea. S. D. GEHMAN, Goodyear Tire and Rubber Com. 
pany.—lIn all of the tests with Hevea and GR-S, a op. 
siderable part of the creep was due to permanent set. The 
proportion increases with the elongation and duration of 
the test. At low elongations, GR-S shows much more creep 
than Hevea but a smaller portion of it is due to permanent 
set. At the start of the creep test, the flow appears to be 
due largely to the reversible yielding of relatively weak 
bonds which can reform under the action of the élestic 
network when the load is removed. For longer periods of 
time or for higher elongations, the flow involves more 
deep-seated changes in structure. Larger units of structure 
are displaced or stronger bonds broken with resultant 
permanent molecular displacements upon removal of the 
load. For Hevea at high elongations it is probable that 
flow occurs in the amorphous material between the 
crystallites with whole crystallites being displaced with 
reference to each other. Under such circumstances, the 
original relative molecular configurations cannot be re 
assumed upon removal of the load. Correction of the 
creep curves for permanent set gives nearly straight lines 
on a plot against logarithmic time. 


X3. The Thermodynamics of a Strained Elastomer. I. 
General Analysis. M. Mooney, United States Rubber 
Company.—The thermodynamic functions of principal 
interest in a strained elastomer are the entropy and energy 
of deformation. The volume is of secondary importance, 
and it can be assumed, with sufficient accuracy for most 
purposes, that the volume is linear in the temperature and 


the mean pressure. The basic partial differential equations | 


of thermodynamics can then be integrated, yielding 
expressions for the energy and entropy of deformation in 
terms of observable quantities. In the present analysis the 
volume effects due to changes in mean pressure and 
crystallinity are taken into account; the effects associated 
with change in shape are sharply separated from those 
associated with change in volume. It is shown that the 
superelastic functions of deformation previously published* 
have a very general validity. 


* M. Mooney, J. App. Phys. 11, 582 (1940). 


X4. The Thermodynamics of a Strained Elastomer. 
III. The Thermal Coefficient of Modulus and the Statistical 
Theory of Elasticity. L. E. CopELAND AND M. Mooney, 
United States Rubber Company.—Published thermoelas- 
ticity data are critically analyzed by means of thermo 
dynamic equations developed in the first paper of this 
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series. Equations known to be of the proper form are 
fitted by least squares to the experimental data, which 
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were first corrected to allow for the changes in shape when 


tested under variable temperature and constant volume. 
If the measurements are accepted as truly reversible, the 
data show that several different elastomers depart con- 
siderably in some respects from the predictions of the 
statistical theory of elasticity. Some _ thermoelasticity 
measurements in torsion are reported which seem to give 
the most reliable evidence that stress is proportional to 


absolute temperature. 


X5. The Effects of Pile Bombardment on Uncured 
Elastomers.* W. L. Davipson, Clinton National Labora- 
tory and B. F. Goodrich Company, AND I. G. Gers, B. F. 
Goodrich Company.—Previous work on the effects of 
jonizing radiations on hydrocarbons has established that 
four competitive processes are usually operative: (1) 
Dehydrogenation, (2) condensation or polymerization, 
(3) hydrogenation (action of nascent hydrogen on any 
unsaturated matter present), (4) decomposition (C—C 
cleavage). The chain reacting nuclear pile offers an ideal 
means for subjecting relatively thick samples of matter 
(such as rubber) to uniformly high concentrations of 
radiation. Such studies on natural rubber, butyl rubber, 
and polyisobutylene allow one to draw the following 
conclusions: (1) Uncured natural rubber undergoes a 
slight curing action when exposed to pile radiations. 
(2) Polyisobutylene samples are appreciably degraded by 
pile radiations. (3) The same effects as noted in (1) and 
(2) are greatly enhanced by secondary alpha-particles, 
produced by an (m, a) reaction on boron™ (milled into the 
elastomer). However even a 2-hour bombardment of 
natural rubber yields a product greatly inferior to sulfur 
vulcanizates. (4) Pile bombardment does not introduce 
measurable unsaturation in polyisobutylene and decreases 
the unsaturation in natural rubber but slightly. (5) A 
typical butyl rubber stock is permanently degraded by 
pile irradiation showing upon cure reduced tensile strength 
compared to that of a control sample. (6) Natural rubber 
shows a weak but measurable radioactivity days after 
bombardment, probably because of its mineral content. 
polyisobutylene is not appreciably active. 


* Part of the experimental work for this report was performed for 
the Atomic Energy Commission while Dr. W. L. Davidson was a 
member of the Clinton Laboratories Training School on leave from 
the B. F. Goodrich Company. 


Yl. The Hydrolysis of Proteins. H. B. Butt, North- 
western University. 


Y2. Proteins as Polycondensations of Amino Acids. 
Dorotay Wrincu, Smith College-——The native proteins 
are polycondensations of a-amino acids, NH;—CHR— 
COOH, in levo form, about 21 different species and 2 
cyclic amino acids being recorded to date. The proteins 
are of unknown structure and the question then arises as 
to the light, if any, which polycondensations of known 
structure can throw upon this problem. The similarities 
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and dissimilarities of proteins in particular and high mo- 
lecular weight substances in general are discussed. The 
latter, several of which belong to the domain of crystal 
physics, are far more striking. They include the perfection 
of regularity of atomic arrangement attained by protein 
crystals and the high prevalence of twinning. The impli- 
cations of the facts include the following. (1) While high 
molecular weight substances in general are “open” struc- 
tures, whether they be chains (with or without branches or 
cross bonds) or 2- or 3-dimensional networks, the mole- 
cules of protein are “closed.” (2) Some or all of the 
monomers in proteins have functionality higher than 2. 
Possibilities regarding this higher functionality are investi- 
gated. The further implications for the structure of 
proteins of the facts assembled are discussed, particularly 
the existence of protein twins, which leads to a new theory 
of twinning. 


Y3. Studies of the Melting Points, Rigidities, and 
Optical Activities of Gelatin Gels. Joun D. FERRY AND 
Joun E. E_prince, University of Wisconsin.—Four ossein 
gelatin samples, previously degraded to varying extents 
to give number-average molecular weights ranging from 
17,000 to 45,000, have been studied in solution in 0.15 M 
NaCl at pH 7. Gels were formed by chilling solutions at 
0° for 24 hours and then subjected to the following meas- 
urements: (1) melting point as a function of gelatin 
concentration and degree of degradation, (2) rigidity as a 
function of temperature and degree of degradation, (3) 
optical activity as a function of temperature and degree of 
degradation. The melting point data gave a series of 
straight lines, one for each sample, when the logarithm of 
the concentration was plotted against the reciprocal of the 
absolute temperature of melting; the slopes were identical. 
With increasing temperature, the gel rigidity approached 
zero while the optical activity decreased to a constant 
value which was independent of molecular weight. In 
every case, the rigidity disappeared at a lower temperature 
than that at which the optical activity attained its mini- 
mum value. At a given temperature below the melting 
point, both rigidity and optical activity increased with 
increasing molecular weight. The gelation process is 
regarded as the formation of a three-dimensional network 
due to the gradual cross-linking of gelatin molecules at 
rather widely separated points. The optical activity curves 
indicate that some of these cross-links exist above the 
melting point but disappear above 40°C. 


Y4. Viscosity and Streaming Birefringence of Nucleic 
Acid. JessE P. GREENSTEIN, National Institute of Health. 
—Aqueous solutions of the tetrasodium salt of thymus 
nucleic acid show anomolous viscosity and intense bire- 
fringence of flow. The compound behaves monodisperse 
in the ultracentrifuge and an S=11 has been calculated 
for a highly polymerized sample tested. When such solu- 
tions are irradiated by ultraviolet light (2537A) or by 
x-rays, these properties are considerably diminished at a 
rate which is roughly proportional to the amount of 
radiation administered. On cessation of ultraviolet irradi- 
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ation, the reduced value for the viscosity remains constant. 
On cessation of x-irradiation, the reduced value for the 
viscosity diminishes further with time of standing. There 
are thus two consecutive phenomena as a result of x-irradi- 
ation, that which occurs during irradiation and which has 
no apparent temperature coefficient, and that which occurs 
after irradiation has ceased, and which is dependent upon 
the temperature. The average S for the particles of nucleic 
acid after x-irradiation is about 5. Such particles do not 
pass through cellophane. No ammonia or phosphate is 
released. A similar reduction in viscosity and birefringence 
occurs in nucleic acid solutions treated with various salts, 
and with proteins. 


Y5. The Study of Macromolecular Reactions of Bio- 
logical Interest. Pau Dory, Notre Dame University. 


Cl. On the Neutral Meson. R. E. Marsnaxk, Uni- 
versity of Rochester.—It is proposed to accept the hypothesis 
of Anderson e¢ al.! that the light meson decays into an 
electron and a neutral meson of mass 70 Mev, and to 
identify this neutral meson with the unobserved particle 
accompanying the light meson in the disintegration of the 
heavy meson. This identification has the following three 
consequences: the mass of the heavy meson is 180 Mev 
(which is within the experimental error of the British, 
measurements), the spin of the heavy meson is 1/2h 
(independent of the spins of the light and neutral mesons), 
and the capture of light negative mesons by heavy nuclei 
can still be explained in terms of the virtual creation of 
negative heavy mesons directly coupled to nucleons. If, 
further, the neutral meson is assumed to be directly coupled 
to the nucleon, and to possess a spin of zero, the capture of a 
negative light meson by a nucleus and the decay of light 
mesons should be accompanied by the emission of two 
light quanta. If the neutral meson is coupled to the nucleon, 
together with the heavy meson (so that its spin is $f), it 
will not emit gamma-rays. 


1 Anderson, Adams, Lloyd, and Race, Phys. Rev. 72, 724 (1947). 


C2. Sea Level Latitude Effect of Cosmic Radiation.* 
Peter A. Morris, W. F. G. SWANN, AND H. C. TAytor, 
Bartol Research Foundation.—On a recent voyage from 
Rio de Janeiro to Boston the vertical intensity of the 
total and hard components of the cosmic radiation were 
measured with a Geiger-counter telescope apparatus, with 
the following results: 


Percentage diminution in the vertical intensity. 











Total Soft component 
radiation Hard component 8-cm 16-cm 
Telescope no lead 8 cm 16 cm diff. diff. 
1 and 2 §.05+0.55 5.26+41.27 5.3641.33 432446 4.5443 
1 5.3440.77 4.96+0.92) 6.2040.97 6042.8 3.742.9 
2 4.7640.75 5.5640.88 4.514091 2.643.7 5.3+43.2 
Combined 5.32 40.46 4.46 +0.61 
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Careful consideration has been given to the 
errors as derived from statistical analysis, and the 
are interesting as indicating, more reliably than 
a latitude effect for the soft component comparable 
that for the hard component. 


Hl 


With 


* Supported by funds from the Navy and from t! 
raphic Society; also by airplane services from the U.S Aaa Ge 
orce, 


C3. High Energy Atmospheric Showers.* Heypy L. 
KRAYBILL, University of Chicago. (Introduced by Marca 
Schein.)—The altitude dependence of high energy atmos. 
pheric showers in the cosmic radiation was Measured 
between 30,000 and 40,000 feet pressure altitude in a B-29 
airplane. The counting rate of counters in threefold coing. 
dence was determined for horizontal counter separations 
of 9 feet, 13.5 feet, and 42 feet. The counting rate of the 
counters separated by 13.5 feet was found to be equal tp 
the rate of counters separated by 9 feet. The count 
rate of counters with separation of 42 feet was 0.6 of the 
rate of counters with spread of 9 feet. The counting rate 
of both the large and the small separations decreased with 
altitude above 30,000 feet. Near 40,000 feet the combined 
counting rate of the counters with separation of 9 feg 
and 13.5 feet was approximately two-thirds of their rate 
at 30,000. These results, together with previously reported 
measurements! between 15,000 feet and 33,000 feet, show 
the existence of a maximum in the frequency persy 
altitude curve of high energy atmospheric showers at an 
elevation near 30,000 feet. 


oon research described in this abstract was supported in part by 
. S. Navy. 
1 Henry L. Kraybill and Paul J. Ovrebo, Phys. Rev. 72, 351 (1947), 


C4. The Mean Life of Negative Mesotrons.* Haro 
K. TicHo, University of Chicago.—The fact that negative 
mesotrons stopped in materials of low atomic number do 
disintegrate has been explained as resulting from com- 
parable probabilities for disintegration and capture by the 
nuclei of the absorber. If this explanation is valid, a 
change of the mean life of negative mesotrons should 
occur.! To establish this effect experimentally, and to 
determine whether it has any bearing on the recent result 
for the mean life obtained at Climax,? a magnetic lens 
and a special timing circuit were used such that the mean 
lives of positive and negative mesotrons could be deter. 
mined separately. The precision of this device will be 
discussed. 
uen research described in this abstract was supported in part by 


. S. Navy. 
1 Harold K. Ticho and Marcel Schein, Phys. Rev. 72, 248 (1947). 
* Harold K. Ticho, Phys. Rev. 72, 255 (1947). 


CS. The East-West Asymmetry of the Mesotron Com- 
ponent at 35,000 Feet.* Vicror H. YNGveE, MARCEL 
ScHEIN, AND Henry L. KRAyBILL, University of Chicago. 
—The East-West asymmetry of mesotrons passing through 
22 cm of lead was measured in a B-29 airplane at altitudes 
between 30,000 feet and 40,000 feet. At 27° north magnetic 
latitude and at an elevation of 35,000 feet the asymmetry 
at a 45° zenith angle was found to be 45 percent. This 
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very large asymmetry is close to the predicted theoretical 
value, assuming that the primaries in the energy range 
covered by the experiment are all positively charged. The 
predicted value is obtained from the observed latitude 
effect and the theory of Lemaitre and Vallarta. Since a 
large fraction of the primaries are included within the 
energy range covered by this experiment, it is obvious 
that the mesotron-producing component of the cosmic 
radiation predominantly consists of primary protons. 


* The research described in this abstract was supported in part by 
U. S. Navy. 


C6. Burst Production at an Altitude of 11,200 Feet.* 
E. F. FAHY AND MARCEL SCHEIN, University of Chicago.— 
The frequency of large cosmic-ray bursts were detected in 
coincidence with extensive atmospheric showers registered 
by four independent counter coincidence sets spread over 
the chamber in a horizontal plane. The chamber, which 
was filled with 50 atmospheres of pure argon, was first 
surrounded by 7.7 cm of lead and later by 12 cm of lead. 
Only a few percent of the large bursts under the lead 
were accompanied by extensive atmospheric showers at 
an altitude of 11,200 feet (Climax, Colorado). Since these 
bursts are very absorbable in the atmosphere between 
11,200 feet and sea level, it is suggested that they should 
originate from the disintegration of mesotrons with a 
lifetime shorter than 10~* second. 


* The research described by this abstract was supported in part by 
U. S. Navy. 


C7. Calculations on the Mesotron Distribution at the 
Geomagnetic Equator.* J. STEINBERGER AND MARCEL 
ScHEIn, University of Chicago.—The energy spectrum at 
sea level and the intensity versus altitude curve were 
calculated for mesotrons at the geomagnetic equator. 
The assumptions were similar to those made in a previous 
calculation by the authors.’ The energy spectrum at sea 
level is in rough agreement with the experimental data; 
however, the maximum occurs at energies higher than the 
one measured by J. G. Wilson.* This could actually be 
due to a production of low energy mesotrons in the lower 
part of the atmosphere. 

- ‘ou research described in this abstract was supported in part by 


. S. Navy. 
1 Marcel Schein and J. Steinberger, Phys. Rev. 72, 734 (1947). 
2J. G. Wilson, Nature 158, 414 (1946). 


C8. The Absorption Curve of Mesotrons On Mount 
McKinley, Alaska.* MArRceEL SCHEIN AND THomas H. 
Carr, University of Chicago.—The penetration of meso- 
trons was measured through thicknesses of 10, 20, 30, 40, 
and 50 cm of lead at an elevation of 18,200 feet above sea 
level. Special precautions were applied to minimize the 
effect of scattering in the lead. The data show that a 
large number of mesotrons is present between energies of 
1.5X10® ev and 7X10® ev at this altitude. Using the 
measured energy spectrum on Mount McKinley, the 
diffusion of mesotrons was calculated between the eleva- 
tions of 18,200 feet and 14,250 feet (Mt. Evans, Colorado). 
The results show that at 14,250 feet the theoretical number 
of mesotrons between 10* ev and 4X 108 ev is considerably 
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smaller than that actually found by experiment.'! This 
fact strongly indicates that a secondary production of 
slow mesotrons exists in the lower part of our atmosphere. 


- ‘cn research described in this abstract was supported in part by 
- S. Navy. 
1 David B. Hall, Phys. Rev. 66, 321 (1944). 


C9. Mesotrons in the Stratosphere.* Marcet ScHEIN, 
University of Chicago.—A discussion will be given of 
recent results on the intensity and on the production of 
mesotrons. These results were obtained in the high atmos- 
phere in airplanes and balloons. In particular, the problem 
will be considered whether mesotrons of energies lower 
than 4X 10* ev are produced in the primary act of mesotron 
creation. 


*IThe research described in this abstract was supported in part by 
U.S. Navy. 


C10. Periodic Variation of Ground Level Count of 
Cosmic-Ray Air Showers. Pau. J. Ovreso, Aircraft 
Radiation Laboratory.—Observations, with triple coinci- 
dence counters, of high energy atmospheric showers in the 
cosmic radiation have been made at ground level for a six 
month period between April 16 and October 16, 1947. 
The daily counting rate is found to undergo variation in a 
periodic fashion. A Cree analysis of the data suggests a 
period of 22 days. Assuming sine type of variation, different 
periods were fitted to the data by method of least squares. 
A maximum amplitude of 9.7 percent of the daily average 
count was found for a period of 21.5 days. The daily 
average count for the six months is 17.08. Comparison 
with the daily Zurich sun spot number showed no obvious 
correlation. No study of the relation with meteorological 
phenomena has as yet been made. 


Cll. On the Insensitive and Recovery Times of Self- 
Quenching Counters. S. S. FRIEDLAND, Memorial Hospital 
and New York University anD A. D. Krumpetn, New York 
University.—An investigation of the insensitive times and 
recovery times of self-quenching Geiger-Miiller counters, 
using the method described by Stever, has been under- 
taken. Various quenching mixtures have been studied. 
The percentage of the quenching molecule present as well 
as the total pressure was varied to study their effects on 
the values obtained. Attempts will be made to correlate 
these data with existing theories. 


C12. Pulse Shape of Self-Quenching Counters. C. D. 
Tuomas, West Virginia University.—An investigation of 
the shape of the pulse decay from a self-quenching counter 
has been carried out under the condition that the time 
constant of the circuit, including capacity in addition to 
that of the tube, is not negligible in comparison to the 
transit time in the tube. The resulting mathematical 
expression yields the voltage on the wire as a function of 
time and of- physical constants of the counter and the 
circuit. In addition to the exponential decay, this formula 
contains product terms of it with an exponential integral 
and a term varying inversely with time. By varying condi- 
tions it is possible to approximate vither pure self-quench- 
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ing or external quenching. Some data obtained by photo- 
graphing pulses from counters using different circuit con- 
stants has been studied and compared to the predicted form. 


D1. A Two-Dimensional Potential Problem with Appli- 
cation to Soil Drainage. Don K1rKHAM, Jowa State College. 
—A thin sheet of conducting material, surface conductivity 
7, infinitely long, and of width H, rests coplanarly on 
rectilinear legs of the same material of width a, (a«2H), 
height hk, (k>>a/2), and equal spacing, A. On the longi- 
tudinal center line and at a distance h—d from the base of 
each leg is located a circular electrode of radius r, (r<a/4). 
Utilizing former results,! the potential and flow are calcu- 
lated when the uppermost surface is at potential V, the 
electrode zero. If A>2H, the current per electrode J is 
approximately (an upper limit) 

wa sinhx(2d—r)/a 


I=2nyV/1 .—. 
ay V/ n cot 


sinhar/a 
sinh?2rh/a—sinh?xr/a 
sinh?2xh/a—sinh*x(2d—r) /a’ 





a result independent of A, also valid when the electrodes 
rest on the bases of the legs. This problem arises in the 
analogous groundwater case, that of seepage from water- 
logged soil into long drainage tubes installed in trenches 
cut into an impervious substratum underlying a pervious 
upper layer, the trenches being back-filled with the pervious 
soil. 
1D. Kirkham, Proc. Soil Sci. Soc. Am. (1947). 


D2. The Cesium Rectifier. A. W. Hutt, E. E. BurGer, 
AND R. E. TuRRENTINE, General Electric Research Labora- 
tory.—This is a new type of hot-cathode vapor rectifier, 
in which cesium vapor functions both as conducting gas 
and thermionic coating material. The cathode is of the 
familiar type used in thyratrons, namely, a multivane 
structure of nickel vanes, surrounded by a heat-shield. 
However, the vanes are uncoated except by the monatomic 
film of cesium which is reformed continually by condensa- 
tion. The tube must be heated to approximately 150°C 
during operation, to maintain the desired vapor pressure 
of 0.01 mm. Cesium is unique in having the lowest ioniza- 
tion potential and the lowest thermionic work function of 
any known substance. Hence one would expect optimum 
efficiency from this dual use of cesium. This expectation 
appears to be realized, the over-all efficiency at 250 volts 
being better than 98 percent for the experimental tubes 
tested. Typical values are: cathode heating power, 200 
watts; peak electron emission, 2000 amperes; voltage 
drop at 600 amperes, 3 volts. 


D3. Response of a Linear System to an Input with 
Uniformly Increasing Frequency.* H. EKsTEIN, Armour 
Research Foundation.—This problem, or rather its mechan- 
ical analog, was previously solved exactly for the case of 
an L-C-R circuit by F. M. Lewis.** His method is too 
cumbersome for more general systems. An approximate 
solution, for slow frequency modulation, expressible in 
terms of elementary functions, is given. The problem 
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reduces to the evaluation of the integral 


T=” exp| —“P "lar, 


where Y is the admittance of the system, B=Au/AT the 
rate of increase of the angular frequency, and y the 
instantaneous angular frequency. The method of 

tion used is the saddle-point method (method of steepest 
descent). Features of the calculated response curve are: 


1. The maxima of the response curve lag behind those 
of the quasi-stationary curve. 
2. The maxima are lowered with respect to the quasi 
stationary case. 
3. At certain frequencies a damped oscillation appear 
(ringing). 
The lag, the depression of the maximum, and the freq 
at which “ringing’’ appears can be calculated in a simple 
manner although only approximately. 

* Sponsored by Squier Signal Laboratories, Fort Monmouth, New 
JOS. M. Lewis, Trans. A.S.M.E. 54, 253 (1932). 

D4. Transit Time of Electrons between Electrodes 
Simple Geometry. DELBERT N. EGGENBERGER AND Pay, 
L. CopELAnD, Iilinois Institute of Technology.—In simple 
cases the transit of an electron starting from rest is pro 
portional to the length of path and inversely proportional 
to the square root of the potential difference through 
which the electron falls. The dependence of the propor. 
tionality factor on the geometry and on the current density 
has been treated mathematically in those cases for which 
a simple symmetry exists. In the absence of space charge 
the transit time is computed directly by the aid of the 
known potential distribution and the energy equation. 
Where space charge exists, the definition for current 
density, Poisson’s equation, and the energy equation ar 
combined to give an expression for the transit time of 
electrons. This expression has been evaluated for complete 
space charge by the use of the solutions for current asa 
function of potential difference which have been developed 
by Langmuir and Blodgett' and by Page and Adams! 
Approximations have been made to give the transit time 
as a function of current density. 


1 Langmuir and Blodgett, Phys. Rev. 24, 49 (1924). 
2 Page and Adams, Phys. Rev. 68, 126 (1945). 


DS. Further Study on Direct Coupled Pentode Pain 
and Decade Rings. LEo SEREN AND LAWRENCE JONES, 
General Electric Research Laboratory.—Pentode pairs, in 
which the plate of one pentode is tied to the screen grid df 
another, and vice versa, have been studied further.* Sucha 
pair has two distinct states of equilibrium and is used ia 
scalers, electronic switches, etc. Topics that will k 
discussed include: (1) stability of the pair for different 
plate resistors, plate supply voltages, and grid bias volt 
ages; (2) triggering adjacent pentode pairs by means d 
triodes; (3) shape and size of pulse for triode triggering; 
(4) resolution of the triggering action for closely spaced 
input pulses; (5) power requirements. One result of this 
study has been a decade ring which has a resolution bette 





































































by a factor of two than that reported in the past for direct 
coupled pentode pairs.” Using 6AK6 pentode pairs with 
21,000-ohm plate resistors a decade ring has been built 
which resolves any two pulses as close as 0.9 microsecond 
and three pulses as close as 2.0 microseconds. 

tV. H. Regener, Mey: fnsi, 18, 654 (1947). 

tv H. Regener, Rev. Sci. Inst. 17, 185, 375 (1946); also see reference 
2. 


D6. An Electronic Analogy Computer for Studying 
Servomechanism Response. M. SHEPHERD, JR.,' J. H. 
BaLpDWIN,? AND G. H. Fett, University of Illinois.—A 
servomechanism analogy computer has been developed 
which utilizes electronic circuits to represent the actual 
components. All system elements have been reduced to 
equivalent resistors and capacitors together with appro- 
priate mixing and feed-back circuits. The computer has all 
constants of the system referred to a new time base so that 
the transients developed in the system can be observed 
visually on a cathode-ray oscilloscope. A force function of 
either step displacement or step velocity is impressed at a 
frequency of 20 cycles per second, the transient is viewed 
for about 0.01 second, and the remainder of the time is 
utilized to restore the system to equilibrium. A detailed 
example of a servomechanism is given, in which an am- 
plifier controls the field current of a d-c generator which 
supplies power to a separately excited d-c motor. The 
counter e.m.f. of the motor is arranged for by an appro- 
priate feed-back and mixing link between the motor load 
analogy and the armature input circuit analogy. Both 
stable and unstable servomechanism arrangements can be 
examined with this computer. The effect of changing circuit 
parameters is easily noted by the change in oscillograph 
pattern. 
1 At present with Farnsworth Radio and Television Corporation. 


2 Westinghouse Educational Fellow, University of Illinois, 1947; at 
present with Electronic Laboratories of Canada, Ltd., Vancouver, B.C. 


D7. Shaped Field for 180° Spectrograph. F. M. Beipuk 
AND E. J. Konopinski, Indiana University—A 180° 
spectrograph built recently by L. M. Langer employs the 
magnetic field between two annular ring pole faces. This 
construction permits a shaping of the radial dependence 
which causes perfect focusing of the electrons diverging 
from a point source on the main circle and moving in the 
median plane between the poles. The condition for this 
may be expressed by 


I i (f+y)dé -* 
© (1+6)[(1+6)?—(f+y)*}! 2° 


é is the radial distance from the main circle in units of its 
radius; y is the direction cosine of the emerging electron; 
9 is the root of the radical in the integrand; f is the 
vector potential multiplied with the distance from the 
center in proper units. A solution in power series gives 
the result for the magnetic field: 





(1) 


a 9 51 
H=H., [1-= —f— —9 at... ]. 
0 4° ts? 16° +350° (2) 
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This disagrees with Boch’s* earlier calculation, beyond 
the first two terms. Boch starts with an approximation 
formulated by Hartree, in place of (1), which makes his 
higher order terms meaningless. The discrepancy was dis- 
covered by Langer in a graphical plot of the orbits. The 
shaped field also supplies some focusing of electrons devi- 
ating from the median plane but only outside the-main 
circle. 


* Rev. Sci. Inst. 4, 575 (1933). 


D8. Force between Magnets in a Medium. Joun A. 
ELDRIDGE, State University of Iowa.—The force between 
magnetic poles in a medium is usually given as F = mym2/yr*. 
This follows from the relations B=rom/r* (where fo is a 
unit vector) and F=mH. Several writers (Wilberforce, 
Page, Adams, Murdock) have remarked that these rela- 
tions are incorrect. To obtain a correct relation magnetic 
pole must be exactly defined: Pole density (a) = —div.P, 
where P is the intensity of -magnetization (magnetic 
polarization). It then follows that H= {roadr/r*, or for 
large r (where we can consider poles as points) H = rom/r’. 
It can also be shown that the force on a pole is given by 
F= {Badr or for a point pole F=Bm. Since B=yH the 
force between point poles becomes F=m,my/r*, where 
m, Mm, are the poles actually existing, including the poles 
in the medium. The results show that the force between 
two ideal permanent magnetic shells is increased (not 
decreased) by the presence of a paramagnetic medium, 
exactly as for the force between currents. (Similar rela- 
tions hold for ideal electrets.) More aptly the force between 
magnets can be regarded as a force between “apparent 
currents” J,, Jz, where the apparent current density ¢ is 
defined by ¢=curl.P. Here B (not H) is obtained from I 
by the Biot-Savart law and F=IXHdi (not IXBdl). — 





D9. The Magnetic Susceptibility of Uranium Oxalate. 
C. A. HuTcHIsON AND N. E.iott, University of Chicago.— 
Magnetic susceptibilities of tetravalent uranium com- 
pounds published in the literature may be interpreted as 
showing the U** ion to be in a *F, state. We have prepared 
the compound U(C,0,)2-3H,O and measured its suscept- 
ibility over the temperature range 78°-328°K. The Weiss- 
Curie law is obeyed in the range 240°-328°K, but devia- 
tion is found at the liquid nitrogen temperature. At the 
higher temperatures the Weiss constant has the value 
6=-+165°K. The magnetic moment of the U** ion is 3.66 
Bohr magnetons, in good agreement with the value 3.62 
calculated for a *H, state, and provides evidence that the 
heavy elements are like the rare earths in electronic struc- 
ture. The magnetic susceptibility of uranium oxalate as a 
function of temperature is similar in behavior to that of 
praesodimium sulphate octahydrate, and deviation from 
the Weiss-Curie law can be explained as due to the crystal- 
line field around the U** ion. 


D10. On the Width of r-f Absorption Lines in Solids. 
J. H. Van Vieck, Harvard University—In crystals, the 
breadth of the absorption lines arising from nuclear 
magnetic moments is caused mainly by the “dipolar” or 
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“magnetic” interaction between the different nuclear 
spins. The resultant line width is computed by calculating, 
by quantum mechanics, the mean-square deviation from 
the central Larmor frequency and assuming that the shape 
of the line is approximately Gaussian. The resulting line 
width agrees surprisingly well with measurements by 
Purcell and Bloembergen on CaF2, including prediction 
on how the width depends on the angle between the 
applied constant field and the principal cubic axes. On 
the other hand, the absorption lines of many paramagnetic 
salts in the microwave region, arising from electronic spin, 
are often considerably narrower than the dipolar mecha- 
nism would predict. It is shown that this discrepancy is 
probably caused by exchange coupling between the spins. 
The exchange forces do not influence the mean square, 
but can greatly increase the mean fourth power of the 
frequency deviation. As a result the line is peaked more 
sharply in the center, and has a smaller half-breadth than 
otherwise. Since exchange integrals diminish rapidly with 
distance, this mechanism explains why the narrowing is 
found mainly in materials with a high concentration of 
paramagnetic ions. 


D11. Comparison of Detection Methods for Microwave 
Spectra.* JoHN RoGers, RICHARD J. WATTS, AND DUDLEY 
WituiaMs, Ohio State University.—A report will be given 
on experimental results obtained with several methods for 
observing microwave absorption in the 1.25-cm region. 
The methods employed include: (1) single-crystal detection 
with a broad band audio-amplifier, (2) single-crystal 
detection with differentiation and with rejection filters for 
low frequencies, (3) single-crystal detection with double 
modulation of the Klystron reflector, and (4) single-crystal 
detection with several forms of Stark-effect modulation 
tubes. The relative advantages and limitations of these 
methods will be discussed in connection with results on 
ammonia, methanol, cyanogen bromide, and other gases. 


*The work was done with aid from Watson Laboratories of the 
Army Air Forces Air Materiel Command and the Ohio State University 
Research Foundation. 


E1. Fluctuations in Properties of Liquids and the Effect of 
Radiations on Them.* GeorGE ANTONOFF, ALEXIS YAKI- 
MAC, AND DUNCAN RANDALL, Fordham University.—In a 
paper given before this society on November 10, 1945, it 
was mentioned that two phases in equilibrium contain an 
equal number of molecules per unit volume. This means 
that a liquid must be associated to be in equilibrium with 
its vapor. X-ray analysis corroborates this view indicating 
the presence of loose aggregates. They assume a series of 
temporary positions so that one particle may get into an 
aggregate and get out and so on. The conditions of mobile 
equilibrium is attained when a large aggregate leaves the 
liquid, disintegrates into molecules thereby increasing 
pressure which compels molecules to go back into the 
liquid and join the aggregates. This theory was criticized 
in a private letter by Bridgman because such systems can 
have real existence only if they exhibit fluctuations which 
can be detected experimentally. I thus made experiments 


with alcohol, water, and aqueous solutions, 
measured in a thermostat regulated within 0.002°¢ 
distinct fluctuation beginning with the 4th decimal, |, 
some organic liquids there are fluctuations Within 3 
decimals which are affected by radiations. They ultimately 
stop. Water exhibits no fluctuations within three deg 
but in the fourth and following a zig-zag curve obta; 
is somewhat distorted by radiations, but fluctuations show 
no tendency to stop. 


* This paper, mailed on September 30 and intended f 
meeting, was unluckily mislald by the Secretary. wey Houston 


E2. The Damping Capacity of Anodized Aluminum, A 
HAMMOND, J. MICHENER, J. KOEHLER, AND E. Sax 
Carnegie Institute of Technology.*—The logarithmic decre. 
ments of single crystals and of polycrystals of aluminum 
were measured before and after the deposit of an oxide 
film. It was found that the damping increases by a facto, 
of two if a film 10~* cm thick is deposited. Since the 
specimens weigh two grams or more and the weight of the 
oxide is only five milligrams, it does not seem possible 
that this effect arises simply from a loading of the specimen, 
The measurements were made by gluing the rod-shaped 
specimens to piezoelectric quartz crystals. The 
was then determined by investigating the electrical 
behavior of this composite oscillator near its fundamental 
frequency using an a.c. bridge of the type described by 
T. A. Read.* All measurements were made at a frequency 
of 38.5 kilocycles and at a strain amplitude of 10-4 Two 
single crystals and two polycrystals were used and the 
specimens were anodized and then stripped of oxide twice, 
The decrements encountered ranged from 1 to 10Xx10% 
The decrement measurements are good to +10 percent. 


*This work was done under a contract with the Office of Naval 


Research. 
1T. A. Read, Phys. Rev. 58, 371 (1940). 


E3. Piezoelectric Effect in Polycrystalline Barium Ti 
tanate. WALTER L. CHERRY, JR., AND ROBERT ADLER 
Zenith Radio Corporation.—Polycrystalline barium titanate 
is rendered piezoelectric by application of an electric field. 
After removal of the field the effect decreases, rapidly at 
first, then gradually, and stabilizes at about 0.85 of th 
initial level. The degree to which this material is made 
piezoelectric and its stability depend on the time d 
exposure and field intensity. Highly piezoelectric pieces of 
good stability are produced in a few minutes with field 
strengths of 20 kv/centimeter. Several hours are required 
at lower fields. The piezoelectric axis has the direction d 
the electric field used in forming. Subsequent application 
of an alternating field in this direction causes elongation 
and contraction. An alternating field, perpendicular t 
the direction of polarization, causes shear in the planed 
the polarizing and alternating fields. The electromechanical 
coupling coefficient is about 0.40 for shear and 0.35 for 
longitudinal vibrations. 


E4. Rupture of Metal Foils under Constant Load 
WALLER GEORGE AND GEORGE IRWIN, Naval Research | 
Laboratory—The process of rupture of notched metal 
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foils loaded in tension has been studied using microscope 
and high speed camera techniques with the object of 
extending Griffith’s' concept of critical crack length to 
fracturing of ductile metals. The majority of the measure- 
ments made used six-inch widths of commercial aluminum, 
lead, tin, zinc, and copper foils. The notch was a short, 
narrow cut in the center of the loaded section of the test 
sheet. The typical fracturing process consists of a slow 
elongation of the notch normal to the direction of the 
applied tensile load until a critical length is reached. The 
velocity of extension of the crack then increases rapidly 
and the rupture process is completed with a velocity as 
much as eight orders of magnitude larger than that at the 
beginning. A comparison of lengths for onset of rapid 
fracturing with theory is given. The general usefulness of 
this simple experiment for studies of fracturing of metals 
is discussed. 
1A. A. Griffith, Trans. Roy. Soc. A221, 163 (1920). 


ES. Stress-Induced Interstitial Diffusion of Carbon and 
Oxygen Atoms in Tantalum.* T’1nG-Sui Kf, University of 
Chicago.—Relaxation phenomena have been observed in 
tantalum specimens containing small amounts of carbon 
or oxygen. The internal friction peaks occur respectively 
around 150°C and 170°C for carbon and oxygen when the 
frequency of vibration is about one cycle per second. The 
activation energies associated with these relaxations were 
found to be 25,000 calories per mole for carbon and 29,000 
calories per mole for oxygen. An analysis of the internal 
friction-temperature curves and a study of the thermal 
variation of the relaxation strength were made. These 
indicate that the observed relaxations are associated with 
the anelasticity caused by the stress induced preferential 
distributions of carbon or oxygen atoms among the three 
possible types of tetragonal interstitial positions in tanta- 
lum which has a body-centered cubic structure. The 
establishment of such preferential distributions can only 
be accomplished by the diffusion of carbon or oxygen 
atoms among these interstitial positions. Such a picture 
had been proposed by Snoek in interpreting the relaxation 
phenomena observed in alpha-iron (body-centered cubic) 
containing small amounts of carbon or nitrogen. The 
observations in tantalum thus indicate that such relaxa- 
tions are characteristic of all interstitial solid solutions of 
body-centered cubic metals. 

* This research has been supported by ONR. 


E6. Calculation of the Dielectric Constant of Tellurium.* 
V. A. JoHnson, Purdue University —Scanlon and Lark- 
Horovitz! have recently investigated the electrical prop- 
erties of tellurium. In order to compare their results with 
semiconductor theory, it is necessary to know the dielectric 
constant of tellurium. The value is estimated from optical 
constants by two different methods. The first method, 
developed by Mullaney,? uses the classical dispersion 
formula to obtain the dielectric constant from the index of 
refraction and coefficient of extinction. Since tellurium is 
non-isotropic, there are two sets of such data depending 
upon whether the single-crystal axis is parallel or perpen- 
dicular to the plane of incidence. For these two cases, the 
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dielectric constant is found to be 5.0+0.5 and 2.2+0.5, 
respectively. For a tellurium sample composed of many 
randomly oriented crystals, the dielectric constant may 
be taken as an average. The second method uses reflectivity 
data and is based upon the electromagnetic theory of light 
in a conducting medium. This method yields a dielectric 
constant of 3.9 for tellurium. The second method, applied 
to reflectivity data for selenium, yields a dielectric constant 
in agreement with the observed values. 
* This work was apqrnt by Signal Corps contract. 


1 W. Scanlon and K. k-Horovitz, Phy Review 72, 530 (1947). 
2 J. F. Mullaney, Physical Review 66, 326 (1944). 


E7. Effect of Atmosphere on the Outgassing and Evapo- 
ration Rates of Antimony. R. L. Loncini, Westinghouse 
Research Laboratories.—A practical limitation for the rate 
of outgassing metals such as antimony is set by the 
evaporation of the metal. When an inert gas is introduced 
during the outgassing process, the rate of both processes 
is determined by diffusion through the gas. On the basis 
of kinetic theory considerations it seemed plausible, 
however, that the evaporation would be slowed much 
more than the outgassing rate as one proceeds from 
straight evaporation to the diffusion mechanism. Conse- 
quently, it would be possible to speed the outgassing 
rate, for instance by raising the temperature, and still 
keep within the limit set by evaporation, if an inert gas 
were used. This was verified by direct weighings, on a 
microbalance, of a heated sample of antimony in a helium 
atmosphere. Results obtained checked well with theoretical 
expectations. The rate of evaporation was reduced to about 
two percent when introducing 0.01 atmosphere of helium, 
whereas the outgassing rate remained practically un- 
affected by helium at this pressure. A pressure of 0.10 
atmosphere of helium was needed before the outgassing 
rate changed sufficiently to measure the decrease. 


E8. Bridge Values of § for Non-Ohmic Disks. S. 
BLOOMENTHAL, Automatic Electric Company, Chicago.—lf 
the non-Ohmic character of contacts between silicon 
carbide crystals originates in a thin layer of silica on each, 
then the ferrous oxide-silica reaction ought to affect the 
electrical characteristics. The bridge method of Baker* 
was used to obtain 8 in the relation E=CI® applying to 
non-Ohmic disks 0.75” 0.05”, consisting mainly of silicon 
carbide. 8 has the average bridge values 0.26, 0.28, 0.31, 
0.32, and 0.34 for heat treated disks pressed from mixtures 
containing 0, 24, 5, 74, and 10 percent powdered iron, 
respectively. The direct current at 53 volts was about one 
m.a. Values of 8 from d.c. measurements were lower than 
those observed with the bridge. In view of the approxi- 
mation used, some difference in results by the two methods 
‘is expected. An increased disparity was noted between 
8-values obtained by the two methods for disks from the 
batches containing appreciable additions of powdered iron. 
This is believed due to the enhanced temperature sensi- 
tivity of the current-voltage relation. 


* Baker, Phil. Mag. 37, 498 (1946). 
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E9. Half-Dislocations. W. SHockLey, Bell Telephone 
Laboratories.—The stress fields of screw dislocations of the 
form u=v=0, w=(b/2) tan~y/x have energies of inter- 
action in an isotropic medium closely analogous to the 
field energy of two current-carrying wires. Two such 
dislocations, R apart, have potential energy (b:b24/27) In R. 
Any dislocation can be resolved into two components for 
which the net displacement on a circuit about the disloca- 
tion is (1) perpendicular (Taylor-type) and (2) parallel 
(Burgers-screw type) to the dislocation axis. The force 
between two parallel dislocations does not involve cross 
terms of type (1), (2). These results are employed in 
analyzing the stability of a dislocation in the face-centered 
cubic lattice witha slip of (a/2)(01-1) in the (111) plane 
compared to two “half-dislocations” of (a/6)(11-2) and 
(a/6)(-12-1) which together produce the same net dis- 
placement across the (111) plane. It is found that the 
repulsive forces due to the Taylor-like component of these 
dislocations overcomes the attraction due to the screw 
components so that the half-dislocations tend to separate. 
A consideration of the nature of the “‘half-slipped”’ plane 
shows that it will be greatly hardened for slip on planes 
cutting through it and that this effect may play a major 
role in the hardening of unused slip planes. 


E10. Studies of the Glow Discharge in Mercury Vapor 
Contained in Cylindrical Tubes with Glass Walls. B. 
PEARSON DELANY AND Paut L. COPELAND, Illinois 
Institute of Technology.—The breakdown potential in the 
vapor between a mercury cathode and a nickel anode, and 
also in mercury vapor between nickel electrodes in cy- 
lindrical glass tubes of various dimensions, has been 
studied as a function of the vapor pressure. The results 
are analyzed with the aid of Pachen’s law. Significant 
variations in the breakdown potential which depend upon 
the history of the tube preceding the breakdown are 
observed. The behavior of the discharge as an electrical 
circuit element has also been studied. 


E11. Ionization Potentials of Some Hydrocarbon Series. 
RicHARD E. HoniG, Socony- Vacuum Laboratories.—A new 
method is described which permits ionization and appear- 
ance potentials to be determined reproducibly, within 
+0.02 volt, by electron impact in a conventional 180° 
mass spectrometer. The energy spread of the ionizing 
electrons, while not eliminated, is accounted for in an 
analytical expression that describes the ionization efficiency 
curve of argon near the initial upward break. It is shown 
that an ionization or appearance potential can be deter- 
mined graphically by drawing a tangent or critical slope 
to the efficiency curve which has been plotted on a semi-log 
scale. Absolute values are obtained by referring the 
unknown to the ionization potential of a calibrating gas 
(usually krypton). For the monatomic gases studied, 
electron impact and spectroscopic values agree within the 
experimental uncertainty. For some known polyatomic 
molecules, the ‘‘vertical’’ impact values exceed the “‘adia- 
batic” spectroscopic potentials by 0.02 to 0.2 volt, de- 
pending on molecular complexity. Paraffins, 1-olefins, and 
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2-olefins show a systematic reduction in potential With 
chain length. A similar decrease is observec. when the mono. 
olefins are arranged according to the number and size of 
substitutions on the basic ethylene structure. 


Z1. Dynamic Mechanical Properties of Rubber-Like 
Materials. A. W. NoLLE, Massachusetts Institute of Tech, 
nology.—The differential dynamic Young's modulus for 
representative rubber-like materials has been measured 
over a frequency-temperature range which at its widest 
limits extends from 10 to 105 cycles per second and from 
—50 to 100°C. This dynamic modulus, measured for the 
case of small sinusoidal strain variations, is a complex 
number so that for each experiment both a real modulus 
and a loss-angle tangent are reported. Described are fiye 
methods of measurement which have been used to obtain 
natural frequency, resonant frequency, band width, decre. 
ment, etc. Methods include mechanical and magneto. 
strictive excitation. In addition, the bulk wave modulus 
and its loss-angle tangent, at 10’ c.p.s., are measured by 
an ultrasonic-pulse method. The results show the existence 
of dispersion over at least six decades of frequency. The 
loss factor and complex compliance, as functions of fre. 
quency and temperature, are analyzed and discussed. The 
dynamic-modulus results, in the limiting case of very low 
frequency, below the range of appreciable relaxation effects, 
are shown to be in agreement with the kinetic theory of 
rubber-like elasticity. Compounds of Buna-N, Butyl, GR- 
S, Neoprene, and natural rubbers are considered, and char- 
acteristic differences are described. This work was sup- 
ported in part under Contract NObs-25391, Task No. 1, 
with the Bureau of Ships. 


Z2. Method for the Absolute Measurement of Dynamic 
Properties of Linear Structures at Sonic Frequencies, 
W. James Lyons AND [RVEN B. PRETTYMAN, Firestone 
Tire and Rubber Company.—A full account, including the 
theoretical basis, is given of a method whereby the dynamic 
stretch modulus, coefficient of internal friction, and 
hysteretic energy loss of textile yarns and cords, composed 
of either continuous filaments or staple fibers, can be 
accurately determined at longitudinal-vibration frequencies 
above 100 cycles/sec. The method, which employs electro- 
magnetic excitation, is applicable also to glass cords, and 
metallic wires and cables. Results have been obtained at 
frequencies extending to above 300 cycles/sec. A concise 
description is given of the improved stretch-vibrometer. 
Results on a typical cotton cord show that energy absorp- 
tion by this instrument is negligible, permitting the caleu- 
lation of an accurate internal friction coefficient, and 
absolute hysteretic loss. Measurements on eight natural 
and synthetic textile fibers reveal that the dynamic moduli 
range from 6.4X10" dynes/cm? for Velon monofil to 
32X10" dynes/cm? for a ramie cord. The dynamic moduli 
of Fiberglas and steel cords were found to be 54 and 106 
X10" dynes/cm?, respectively. The internal friction coef- 
ficients are found to vary hyperbolically with frequency: 
in a 11/4/2 cotton cord, for example, from 15 to 3X1 
poises between frequencies of 60 and 320 cveles/sec. 
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73. Transducer Measurements of the Mechanical Prop- 

erties of Polymér Solutions. THor L. Smita, Joun D. 
FERRY, AND FREDERIC W. ScHreMP, University of Wis- 
consin.—Apparatus has been designed for studying the 
mechanical properties of concentrated polymer solutions 
in small oscillating deformations, at audiofrequencies. A 
rod, driven by a coil in a magnetic field, oscillates vertically 
along its axis in a cylindrical tube of solution. The gap 
between rod and tube is 1 mm and the amplitude of 
vibration about 0.002 mm, so the maximum shear is very 
small and the maximum rate of shear moderately small 
even at 1000 cycles. By measuring the electrical resistance 
and reactance of the coil when in motion and when rigidly 
clamped, or when in motion with different masses attached 
to vary the inertia, the mechanical resistance and reactance 
of the system can be obtained from well-known transducer 
relationships. The former yields the real part of the 
dynamic viscosity of the solution, »’; the latter, under 
favorable conditions, yields the real part of the dynamic 
rigidity, G’. For polymer solutions, the viscosity 9’ is 
found always to be very much smaller than the ordinary 
viscosity measured in steady flow. Examples of experi- 
mental data will be given. 


Z4. Geometric Disorder in Linear Polymers. S. T. 
Gross, General Aniline and Film Corporation.—Appear- 
ance of x-ray fiber diagrams is qualitatively related to 
single chains and groups of chains in the fiber sample. 
Several types of disorder can be localized in this manner. 
Some of the various types of geometric isomerism in 
polymers are considered, and in the general type of fiber 
diagram to be expected for each is noted. A number of 
polymers are discussed in relation to the above factors, 
and an explanation (based on the recently postulated 
restricted orientation of side groups)! is proposed for the 
non-crystalline structure of polyvinyl acetate and its 
hydrolysis to crystalline polyvinyl alcohol. Reasons for 
not obtaining a non-crystalline form of cellulose triacetate 
from this cause are considered. 


1S. T. Gross, C. A. Schildknecht, and A. O. Zoss, Am. Chem, Soc. 
meeting in New York, October 1947. 


Fl. On the Exact Solution to the Problem of Light 
Scattering by a Plane-Parallel Atmosphere in Accordance 
with Rayleigh’s Laws. S. CHANDRASEKHAR, University of 
Chicago.-The equations of radiative transfer allowing 
properly for the polarization characteristics of the radiation 
field and in accordance with Rayleigh’s laws are forrfulated 
and solved exactly for the case of an incident parallel 
beam of radiation. The method consists in starting with 
certain functional equations governing the laws of diffuse 
reflection and transmission by a plane-parallel atmos- 
phere, reducing them to pairs of functional equations of 
the standard form 
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where W(x) is an even polynomial in yw, and 17; is the 
optical thickness of the atmosphere, and finally, relating 
in a unique manner the various constants occurring in the 
solutions with the moments of the X and Y functions 
appropriate for the problem. Rational approximations to 
the solutions of Eqs. (i) and (ii) can be obtained and 
starting with these approximate solutions the exact equa- 
tions can be solved by iteration. 


F2. Theoretical Analysis of the Effect of Imperfections 
in Diffraction Gratings. U. FANo anp R. D. Huntoon, 
National Bureau of Standards.—lIt is of interest for the 
construction of diffraction gratings to estimate in advance 
the effect of imperfections in the spacing or shape of the 
grooves. Partial results in this direction can be obtained 
by an elementary theory in which each groove is considered 
as infinitely thin source of light. However, an extension of 
Rayleigh’s dynamical theory of gratings makes it possible 
to develop a more general theory in which the nature of 
the approximations involved and their quantitative import 
are kept in sight. A complete account of this investigation 
will probably be published in the National Bureau of 
Standards Journal of Research. 


F3. An Electronic Eyepiece for Spectroscopy of Near 
Infra-Red. Zaspoy V. HARVALIK, School of Mines and 
Metallurgy, Rolla, Missouri.—An electronic eyepiece for 
the observation of near infra-red of the spectrum is 
described. It can be attached to any spectroscope, and 
consists of an image tube of the type 1-P-25 which converts 
infra-red into visible images. The spectrum is projected 
by the telescope system of the spectroscope upon the 
mosaic face of the image tube. The infra-red radiation 
releases photoelectrons from the mosaic face of the image 
tube, which are focused by an electronic lens system upon 
a fluorescent screen. This fluorescent screen consists of a 
phosphor which, when activated by electrons, shows 
luminous characteristics similar to. the sensitivity of the 
human eye. The visible range of a spectroscope, equipped 
with an electronic eyepiece, is extended to approximately 
A=1130 my (11,300A) although very high intensity infra- 
red radiations can be observed to \= 1145 my (11,450A). 


F4. Fine Structure of He II 24686.* J. E. Mack Anp N. 
AUSTERN, University of Wisconsin.—The 3s*Sy—4p*P, and 
3p? P,—4s*S; components of the hydrogen-like spectrum of 
helium have been separated. 


* Supported by the Office of Naval Research. 


FS. On the Structure of the Mercury Band 42540. S. 
Mrozowski, Great Lakes Carbon Corporation.—The well- 
known molecular band of mercury at 2540 was studied 
with high dispersion (second order of the 30-foot University 
of Chicago grating). In absorption, only the long wave- 
length edge, two sharp maxima of absorption reported 
some time ago by Wood and Voss,* and a new short 
wave-length edge are observed. The band, however, could 
be obtained in emission using an exceptionally well water- 
cooled mercury arc in end-on observation. The whole band 
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appears much sharper than in absorption. The long wave- 
length maximum is resolved into two very sharp compo- 
nents and a series of additional very sharp lines (or edges) 
converging toward the long wave-length edge are observed. 
The great sharpness of the emission lines (or edges) is 
hard to reconcile with the currently adopted classification 
of this band as a *O,*->'Z,* transition in the Hg: molecule. 
The 2482 band of the ionized mercury molecule Hg:* 
was also studied and a complex structure of a number of 
maxima (edges) was detected. } 


* R. W. Wood and V. Voss, Proc. Roy. Soc. 119, 689 (1928). 


F6. Force Constants and Assignments of the Raman 
Frequencies of Methylbromoacetylene and Methyliodo- 
acetylene. ARNOLD G. MEISTER, IIlinois Institute of Tech- 
nology.—Using the Wilson FG matrix method and a 
modified valence force potential energy expression, force 
constants for methylbromoacetylene and methyliodo- 
acetylene were determined. The C—Br stretching force 
constant was found to be 4.352105 dyne/cm while the 
C—I stretching force constant was determined as 3.571 
105 dyne/cm. These values compare with 3.129105 
and 2.648 10° dyne/cm, respectively, for similar bonds 
in CH;Br and CH,I as given by Crawford and Brinkley.' 
As a result of the calculations it seems necessary to change 
some of the assignments of Cleveland and Murray’? for the 
Raman frequencies of methylbromoacetylene and methyl- 
iodoacetylene. For both molecules the line near 690 cm™ 
does not appear to be a type A; fundamental frequency 
but more likely is the first overtone of the 343 cm™ type 
E fundamental. Also, the C—C stretching frequency 
probably was not observed since its calculated value was 
found to lie in the 1014-1036 cm™ region and Cleveland 
and Murray reported no line in this region for either 
molecule. 


1B. L. Crawford, Jr. and S. R. Brinkley, Jr., J. Chem. Phys. 9, 71 


(1941). : 
2F, F. Cleveland and M. J. Murray, J. Chem. Phys. 11, 452 (1943). 


F7. The Use of Photo-Tubes in the Ultraviolet Region 
by Fluorescence. Rospert D. Cowan,* University of 
Chicago—RCA multiplier photo-tubes types 931A and 
1P28, sensitive down to about 3000A and 2000A, respec- 
tively,! have been used in conjunction with fluorescent 
materials for detecting light of wave-lengths as short as 
1942A. From intensity measurements in the region 2300 
to 3000A, first made directly with a 1P28, and then using 
the 1P28 in combination with the fluorescent material 
supplied by Eastman Kodak Company for sensitizing 
photographic plates, the efficiency of the fluorescence 
method has been estimated as about one forty-fifth. Of 
this, a factor of about twelve is geometrical in origin, and 
the remaining factor of three or four indicates a quantum 
efficiency of fluorescence of roughly thirty percent. The 
931A’s in the writer’s possession are five to ten times as 
sensitive as the 1P28’s to the fluorescent radiation. They 
can thus be used as substitutes for 1P28’s with the loss 
of a factor of only five or ten in sensitivity down to 


2300A, and a considerable gain in sensitivity below 21004. 
Use in the vacuum ultraviolet region has not yet been 
successful due to lack of sufficiently intense light sources 


* National Research Fellow. 
1R. W. Engstrom, J. Opt. Soc. Am. 37, 420 (1947). 


F8. Experimental Determination of Lorentz-Lorenz Cor. 
rection in Ultraviolet Absorption. Lois E. Jacogs ayp J 
R. Pratt, University of Chicago.—Absolute absorption 
intensities were determined in the region 1750-23594 for 
isoprene, both in the vapor and in n-heptane soluti 
using a small vacuum fluorite spectrograph. The apparent 
f-values computed from areas under the curves were 0,3 
and 0.47 for the isoprene vapor and solution, respectively, 
Average deviation of individual intensity measurements 
were 6 percent for the vapor and 12 percent for the solution, 
with the integrated areas having an estimated error of less 
than 5 percent. These experimental f-values lead to a 
Lorentz-Lorenz correction of 1.23, which can be compared 
with the value of 1.32 calculated from Chako's theoretical 
formula. The difference of 8 percent is probably not 
significant. This discrepancy is much less than that 
obtained by Pickett and co-workers for the cyclic dienes, 
These studies are being continued on the cis- and trans. 


piperylenes. 


F9. Molecular Orbital Treatment of the Ultraviolet 
Spectra of Benzene and Borazole. C. C. J. RooTHAAN ayp 
R. S. MULLIKEN, University of Chicago.—The ground state 
and the first excited states of benzene and borazole are 
treated according to the semi-empirical molecular orbital 
method. Comparing the observed spectra with the com- 
puted energies, a spectroscopic value of —2.6 ev for the 
bond integral 8 is obtained in the case of benzene. In the 
case of borazole this procedure includes one more param- 
eter, which takes care of the difference in electronegativity 
of boron and nitrogen. Taking a reasonable value for this 
parameter, a value of —2.3 ev for the bond integral 
between boron and nitrogen, 8*, is obtained in fair agree- 
ment with theoretical expectations. 


F10. X-Ray Optical Images. PAUL KIRKPATRICK AND 
A. V. Barz, Stanford University—When x-rays from a 
point source undergo total (not Bragg) reflection at a 
concave surface a real line image may be formed. If after 
one such reflection the rays impinge upon a second suitably 
oriented concave reflector a real point image may result. 
Real optical images of extended objects may thus be 
produced with x-rays. The method is analogous to the 
production of optical images by crossed cylindrical lenses. 
Spherical glass surfaces coated with gold or platinum, and 
having radii of curvature between 20 and 100 meters, 
have been successfully used, though the spherical form has 
been adopted for reasons of convenience rather than of 
theoretical superiority. Near grazing incidence a spherical 
mirror has practically the properties of a cylindrical mirror 
with focal length Ri:2, where i is the grazing angle and & 
the radius of curvature. The theoretical minimum distance 
between object points resolvable with x-ray mirrors, a 
the problem is now conceived, is of the order of 100A, 
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though this resolution at present appears to be incom- 
patible with high magnification. Theoretical resolving 
power is not strongly dependent upon wave-length. Optical 
systems with more than two mirrors have been used to 
attain desired magnifications and to improve image 
characteristics. 


Fil. A Microphotometer for X-Ray Diffraction Dia- 

* R. PepinsKy AND H. I. West, Jr., Alabama 
Polytechnic Institute—A photometer is described for 
measurement of the integrated intensity of reflections on 
x-ray diffraction photographs. The film is placed against 
the face of a cathode-ray tube, e.g., a SUP11 or SFPS, and 
a finely-focused scanning electron beam on the fluorescent 
screen serves as light source. The beam sweeps linearly at 
30 c.p.s. across the tube, and a 2-megacycle modulation is 
applied perpendicular to the slow sweep to produce a 





scanning ribbon, both the width and length of which can 
be controlled as desired. The transmitted light is received 
by a 931A photo-multiplier, the output of which is ampli- 
fied and fed to the vertical plates of a second cathode-ray 
oscillograph. The horizontal sweep of the second c-r tube 
is linear and synchronized to the slow sweep of the first 
tube. Thus photometer traces of the x-ray reflections 
appear on the presentation tube. These can be recorded 
by tracing directly from the tube face. A procedure for 
electronic integration of these photometer traces is also 
described, the proper section of the trace being visually 
selected by two movable pips on the presentation tube; 
the voltage signals between these pips is fed to an inte- 
grating amplifier, the output of which appears as a meter 
reading. Measurements of the linearity of the photometer 
are presented. 


* This development supported by Signal Corps Engineering Labora- 
tories, Bradley Beach, New Jersey. 





SUPPLEMENTARY PROGRAMME 


SP1. Viscous Slip along Grain Boundaries and Diffusion 
of Zinc in Alpha-Brass.* T’1inc-Sut Kf&, University of 
Chicago.—The viscous behavior of the grain boundaries in 
70-30 alpha-brass was demonstrated by measurements of 
anelastic effects similar to those previously reported in 
the case for aluminum.' It was shown that the grain 
boundaries cannot sustain a shear stress and that they 
have a coefficient of viscosity decreasing with an increase 
of temperature. Using the same specimen, the activation 
energy associated with stress induced preferential orienta- 
tion of pairs of zinc atoms in alpha-brass (which is a 


diffusion process), first observed by Zener,? was determined. 
It has a value of 40,000 calories per mole which is identical, 
within experimental error, to the activation energy of 
41,000 calories per mole associated with the grain boundary 
slip in alpha-brass. This would indicate that the mechanism 
of the grain boundary slip in alpha-brass as manifested in 
the anelastic measurements is similar to the volume 
diffusion of zinc in alpha-brass.* 

* This research has been supported by ONR. 

1T. S. Ké, Phys. Rev. 71, 533 (1947); 72, 41 (1947), * 


2? C. Zener, Trans. A.I.M.E. 152, 122 (1943); Phys. Rev. 71, 34 (1947). 
3 To be called for after Session G if time permits. 
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HE 1947 Annual meeting of the American 
Physical Society was held, like all of the 
Annual meetings preceding it since that of 1942, 
at Columbia University in New York City. The 
dates were Thursday, Friday, and Saturday, 


January 29, 30, and 31, 1948. Thus, for the sixth | 


consecutive year the burden of receiving our 
meeting fell upon the physics staff of Columbia 
University, with minor assistance from other in- 
stitutions of the New York area (Bell Telephone 
Laboratories, College of the City of New York, 
New York University) who provided the lantern 
operators. Special commendation must be lav- 
ished upon W. W. Havens and W. A. Nierenberg, 
the general managers of the meeting. This was 
the largest task that ever was imposed by our 
Society upon any host institution, since upwards 
of 1650 people registered for the meeting. Three 
of our Divisions (Electron Physics, Solid-State 
Physics, Fluid Dynamics) held concurrent ses- 
sions; they all provided groups of invited papers, 
and a considerable number of contributed papers 
which appeared on the general programme. The 
American Association of Physics Teachers, 
having met with us at Chicago, did not join in 
the New York meeting: it is difficult to imagine 
how we could have found space for it if it had. 
We had also the Retiring Presidential Address 
of President L. A. DuBridge, and invited papers 
on a variety of topics by C. D. Anderson, R. F. 
Bacher, James Franck, P. M. Morse, H. C. 
Pollock (with F. R. Elder and R. V. Langmuir) 
and Julian Schwinger: the last was repeated by 
popular request. There were 188 contributed 
papers, including three read by title. 

At the Business Session of the Society, the 
Tellers (a group at the Brookhaven National 
Laboratory headed by P. M. Morse) reported 
the outcome of their long and tedious labors of 
examining about 2900 ballots. J. R. Oppen- 
heimer is President of the Society, F. W. Loomis 
its Vice-President, G. B. Pegram its Treasurer 
and K. K. Darrow its Secretary for the year 


1948 (and until the end of the Annual Meeting 
to be held in January 1949); Frederick Seitz and 
L. A. Turner are members of the Council for the 
next four years; S. A. Goudsmit, E. M. Purcell, 
and V. F. Weisskopf are members of the Board 
of Editors for the next three years; J. T. Tate 
continues as Editor of the Physical Review and 
Reviews of Modern Physics. Two Amendments 
to the By-Laws of the Society were proposed by 
the Council and adopted by the members: the 
texts are printed hereinafter. 

The Council met on Thursday evening, and 
elected to Fellowship P. H. Abelson, Henry 
Eyring, J. W. Liska, and R. B. T. Roberts; to 
Membership it elected 113 candidates, a smaller 
number than usual at this time because it had 
acted at the Chicago meeting on nominations 
received during December. As the 1948 Nomi- 
nating Committee it appointed L. A. DuBridge 
(Chairman), H. L. Dryden, J. R. Dunning, F. G. 
Dunnington, G. F. Hull Jr., H. M. James, W. 
Shockley, J. T. Tate, and J. H. Van Vleck. A 
memorial notice of the late Willard Severinghaus, 
long the Secretary of this Society, written by 
H. W. Farwell, was ordered sent to the Physical 
Review for publication. The By-Laws of the 
Division of Fluid Dynamics were approved, as 
also were amendments by the By-Laws of the 
Division of High-Polymer Physics. The Council 
voted to donate wartime and postwar (up to 
30. June 1948) issues of Physical Review and 
Reviews of Modern Physics to selected univer- 
sities in Germany and Japan. From the reports 
of the Treasurer and of the Editor it transpired 
that the “lush period,’’ during which the Society 
made a net profit on Physical Review owing to 
lessened size and relatively low unit printing 
costs of this journal, has ended: we must antici- 
pate a drain on the surplus of the Society hence- 
forth. 

The dinner of the Society was held on Firday 
evening in the Grand Ballroom of the Hotel 
New Yorker, with an attendance of 346; and 
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R. F. Bacher delivered an after-dinner address 
entitled ‘““The physicist and the future develop- 
ment of atomic energy.” 

The Society has lost through death V. Kara- 
petoff and Ernest Blaker. 

The membership of the Society stood at 6839 
just before this meeting, and will have been aug- 
mented to 6952 by the elections which occurred 
at the Council meeting if all of those who were 
elected accept membership. 


Elected to Fellowship: P. H. Abelson, Henry Eyring, 
J. W. Liska, R. B. T. Roberts. 


Elected to Membership: Richard David Albert, Kenneth — 


Dillion Allen, Frank Andrews, Romuald Anthony, Edward 
V. Ashburn, Gordon L. Baker, Roland S. Barker, Charles 
E. Barnett, Paul A. Beck, Arthur H. Benade, Jack Ben- 
veniste, Robert Berman, Rolf Bjornerstedt, Franklin C. 
Brooks, Paul Rice Camp, Lars Carlbom, Richard O. 
Carlson, Cheng Shu Wang Chang, Robert Lee Chaplin, Jr., 
Philippe J. P. Chastagner, Jr., Richard H. Chow, Kuang-ya 
Chu, John H. Clements, James Curtis, William Osborne 
Davis, T. G. de Zoeten, E. W. Emery, William Noel 
English, Lawrence H. Ginsberg, Joseph R. Goberna, 
Gerson Goldhaber, J. Mayo Greenberg, Pierre Grivet, 
Jack Ingval Hagen, Gordon E. Hansen, Richard J. Hayden, 
Henry Hemmendinger, Eugene B. Hensley, Roger H. 
Hildebrand, Terrell L. Hill, Freddy Ba Hli, Norman 
Hornstein, Ralph W. Hubbard, Arthur J. Hudgins, Ber- 
nard David Hyams, James M. Hyatt, Erling Jensen, 
Claude Kitchener Jones, Charles M. Judson, J. F. Kane, 
Herbert Karsh, Graham M. Keyser, Paul B. Klevin, Robert 
J. Kraushaar, Charles V. Larrick, Hans Larsson, K. 
Lehovec, Murray L. Lesser, George LeSuer, Michael Albert 
Lewis, Robert B. MacDonnell, Victor Mayper, Jr., E. H. 
McLaren, Robert R. McMath, Darwin J. Mead, Arnold 
Merlin, F. J. Milford, Richard L. Moore, James H. Mor- 
rissey, Emil Motchok, Charles B. Officer, Ernest Okonski, 
John R. Pellam, Robert W. Pidd, Giovanni Polvani, T. C. 
Randle, Robert A. Rapuano, Herbert David Rix, Thomas 
R. Roberts, Franklin Alanson Rodgers, J. Donald Roll, 
S.J., Barnett Rosenberg, Allan M. Sachs, Richard Whiley 
Safford, Abraham Irving Sawelson, DeForest F. Smith, 
Ralph G. Steinhardt, Jr., W. G. Stone, Emory J. Stovall, 
Jr., Alice Fensterwald Strouse, Albert I. Talkin, T. I. 
Taylor, Adolph H. Toepfer, Sol Triebwasser, Charles W. 
Tucker, Maurice H. Van Horn, Frank Wagner, Jr., James 
D. Wallace, Stanley Wallack, Paul Wang, Tien-Chuan 
Wang, Raymond M. Warner, Jr., Ernest T. Watterud, 
Joseph W. Weinberg, Donald B. Wheeler, Jr., Jack E. 
Whitener, John A. Wieland, Leo Wiesner, C. S. Wilkinson, 
Jr., Robert E. Wisnieff, Herman Yagoda, Peter E. Yank- 
wich, Donald Robert Yennie. 

Amendments to the By-Laws. Article I Section 2 of the 


By-Laws is rewritten as follows: “A newly-elected Member : 


or Fellow, upon completion of membership by payment of 
his first annual dues, shall have the option of having his 
membership commence either on the first of January of 
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the year in which he was elected or on the first of Jan 

‘of the following year. Should he fail to indicate his choice 
clearly, his membership shall commence on the first of 
January of the year of his election if his annual dues are 
received before July first of that year, and shall commence 
on the first of January of the year following his election if 
his annual dues are received after June thirtieth of the 
year of his election. (This amendment goes into force at the 
1948 Washington meeting.)"’ To Article V Section 1 of the 
By-Laws the following words are added: “and that the 
Council shall have the power to waive this rule for a 
limited number of papers to be added to the supplementary 
programme.” 


KarL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 


Retiring Presidential Address 


Electron Emission from Metal Surfaces: A Review, 
L. A. DuBripGe, California Institute of Technology, 


Invited Papers on the General Programme 


Cosmic-Ray Effects at Thirty Thousand Feet. C. p. 
ANDERSON, California Institule of Technology. 

Plans for the Brookhaven National Laboratory. P. M. 
Morse, Brookhaven National Laboratory. 

Memorial Address in Honor of Max Planck. James 
FRANCK, University of Chicago. 

The Physicist and the Future Development of Atomic 
Energy. R. F. BAcHER, U.S. Atomic Energy Commission. 

Recent Developments in Quantum Electrodynamics, 
JuLtan ScHWINGER, Harvard University. 

Visible Radiation from Accelerated Electrons in 70-Mey 
Synchrotrons. H. C. Pottock, F. R. ELper, Anp R. V. 
LANGMUIR, General Electric Company. 


Invited Papers of the Division of 
Electron Physics 


Some Considerations Concerning Theories of the Oxide 
Cathode. Convers HERRING, Bell Telephone Laboratories. 

The M.LT. Electron-Physics Programme: Past, Present, 
and Near Future. W. B. NotrincHam, Massachusetts In- 
stitute of Technology. 

Spectral Distribution of the External Photoelectric Yield 
from Semiconductors. L. ArKerR, General Electric Com- 
pany. 

Secondary Electron Emission from Insulators. J. B. 
Jounson, Beli Telephone Laboratories. 

The Separation of Isotopes in Quantity by Electromag- 
netic Means. LLoyp P. Smitu, Cornell University. 

Conductivity Induced in Insulators by Electron Bom- 
bardment. K. G. McKay, Bell Telephone Laboratories. 

General Characteristics of Phosphors. H. W. LEVEREN?, 
RCA Laboratories. 
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Some Physical Properties of Infra-Red Phosphors. W. L. 
PARKER, Polytechnic Institute of Brooklyn. 

Electrical Phenomena in Gases at Microwave Fre- 
quencies. W. P. Aus, Massachusetts Institute of Tech- 
nology. 

Some Discharge Phenomena in Fluorescent Lamps. 
E. G. F. Arnott, Westinghouse Electric Corporation. 

Cathode Phenomena in the Electric Arc. J. D. Coping 
anp C. GALLAGHER, General Electric Company. 

Resolution in Electron Microscopes. James HILLIER, 
RCA Laboratories. 


Symposium of the Division of 
Solid-State Physics 


Crystallographic Factors in Lattice Imperfections. R. 
SmoLucHOwSKI, Carnegie Institute of Technology. 

Basic Principles of Operation of Crystal Counters. 
FREDERICK SEITz, Carnegie Institute of Technology. 

Ferromagnetic Domains. H. J. WILLIAMs, Bell Telephone 
Laboratories. 

Ferromagnetic Resonance. J. L. SNorK, Philips Research 
Laboratories, Eindhoven, Holland. 


Joint Symposia of the Fluid Dynamics Com- 
mittee and the Institute of Aeronautical 
Sciences 


Upper-Atmosphere Research 


Upper-Atmosphere Temperatures from Remote Sound 
Measurements. E. F. Cox, Naval Ordnance Laboratory. 

Heat Transfer to Bodies Traveling at High Speed in the 
Upper Atmosphere. J. R. STALDER AND DAvip JUKoFrF, 
Ames Aeronautical Laboratory. 

Wind Tunnel Testing Problem in Super-Aerodynamics. 
Hsve-SHIEN TsIEN, Massachusetts Institute of Technology. 


Physics of Rarefied Gases 


Physics of Rarefied Gases. I. EsteERMANN, Carnegie In- 
stitute of Technology. 

The Temperature of a Highly Rarefied Gas. Lyman 
Spitzer, JR., Princeton University. 

The Propagation of Sound in Air at Low Pressures. R. B. 
Linpsay, Brown University. 

Friction and Heat Conduction in Rarefied Gases. K. F. 
HERZFELD, Catholic University of America. 

On the Theory of the Transport Phenomena in Rarefied 
Gases. G. E. UHLENBECK, University of Michigan. 


Contributed Papers 


Cl. New Experiments Concerning the Surplus Gamma- 
Radiation from Rocks. Victor Francis Hess AND J. 
DonaLD ROLL, S.J., Fordham University—Two experi- 
ments were performed to determine if the surplus gamma- 
radiation from granite, observed by one of the authors 
(V.F.H.), could be due to cosmic rays inducing fission of 
uranium or thorium or artificial radioactivity within the 





granite. A. A large sample of dunite, an ultrabasic rock 
which is practically free of radioactive elements, was placed 
in an iron house surrounding an ionization meter. The 
ionization observed with the dunite was practically zero. 
B. The iron house was then filled with crushed granite, first 
at Fordham, then in an underground station where the 
cosmic-ray intensity was reduced to a few percent of the 
surface value. No difference in ionization due to the granite 
was observed at the two levels. Thus the surplus gamma- 
radiation cannot be ascribed to the effect of cosmic radia- 
tion on the granite. Since E. Gleditsch and T. Graf have 
recently published a new determination of the intensity of 
gamma-radiation from potassium which is considerably 
higher than other values found in the literature, further 
experiments are necessary before it can be decided whether 
the surplus radiation is due to a previously underestimated 
intensity of gamma-rays from potassium or to some 
unknown source. 


C2. The Nature of the Primary Cosmic Radiation.* 
MARCEL SCHEIN, University of Chicago.—The penetration 
and shower production of cosmic-ray particles was in- 
vestigated close to the top of the atmosphere at a geomag- 
netic latitude of 52° North. It was found that most of the 
particles from the vertical are capable of traversing very 
large thicknesses of lead and, hence, they cannot consist of 
electrons. A very large East-West asymmetry of the hard 
component was recently observed by the author in collabo- 
ration with V. H. Yngve and H. L. Kraybill in a B-29 plane 
at an altitude of 35,000 feet. This can only be explained if 
we assume that a considerable fraction of the primaries is 
positively charged. Most of the primary particles should 
carry a single charge since there has been no marked lati- 
tude effect observed on cosmic-ray phenomena corre- 
sponding to an energy range around 10" ev. All the above- 
mentioned facts strongly indicate that the large majority of 
the primary cosmic rays must consist of protons. 


* This research was supported in part by the U. S. Navy. 


C3. Specific Primary Ionization in Hydrogen by a Co- 
incidence-Counter Method.* Frank L. Hererorp, Bartol 
Research Foundation.—Considerable discrepancies exist in 
the comparison of the experimentally and theoretically de- 
termined variation of the primary ionization with energy of 
incident particles. Bethe’s theory predicts a logarithmic 
increase in ionization above a certain minimum point in the 
curve, which hitherto has not been confirmed.' With a 
coincidence train containing three high pressure counters 
and one low pressure counter this minimum was recently 
observed? in a helium-butane mixture. The experiment has 
been repeated using a low pressure hydrogen counter, re- 
sults again confirming the predicted minimum and subse- 
quent increase of ionization with energy. More elaborate 
path-length calculations* have made possible a more precise 
determination of ionization by sea-level cosmic radiation 
than was previously possible.? The counter method avoids 
the uncertainty inherent in cloud-chamber measurements 
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in distinguishing between the primary and total ionization. 
The only assumption involved is that creation of a single 
ion pair will discharge the counter with unit probability. 


* Supported by the Office of Naval Research. 

1M. GE. Cosyns, Nature 139, 802 (1937); W. E. Hazen, Phys. Rev. 
63, 107 (1943). 

2? F. L. Hereford, Phys. Rev. 72, 982 (1947). 

3 See abstract RT2, E. E. Witmer and M. A. Pomerantz. 


C4. Detection of Ionizing Radiation by Ultra High 
Frequency Gas-Discharge Counters.* SANBORN C. BRown, 
Massachusetts Institute of Technology.—Characteristics of a 
coaxial mode cavity resonator as a gamma-ray counter 
making use of a 3000-mc gas discharge will be described. 
The breakdown of a discharge in gases at these frequencies 
does not depend upon secondary effects, and since the 
breakdown field is not controlled by positive ions, shorter 
breakdown times and shorter resolving times than of a 
Geiger-Miiller counter are realized. The u.h.f. discharges 
show ambipolar diffusion as the controlling factor in loss of 
electrons, and a d.c. clearing field is superimposed on the 
a.c. field to eliminate electrons most rapidly. A quenching 
agent is present to suppress electron emission from positive- 
ion bombardment of the walls. The discharge is quenched 
by pulsing the magnetron power source down by suitable 
electronic circuits. The plateau characteristics are similar 
to those found with a Geiger-Miiller counter. The sensi- 
tivity can be made the same as that of a Geiger-Miiller 
counter of similar geometry. The minimum resolving time 
achieved is 5 microseconds. Pulse rise times measured by 
delay-line clipping methods show the pulse rising from 0.05 
volt to 3 volts in 6X 10~* second. 


* This work was supported in part by the Signal Corps, the Air 
Materiel Command, and O.N.R. 


CS. A Pulse Transformer Technique for Application to 
Coincidence Counting. B. G. Fartey, Yale University.— 
For amplitude-type coincidence discrimination, differenti- 
ating transformer coupling networks offer certain ad- 
vantages in pulse amplification and shaping, particularly 
because they allow the application of positive pulses to all 
grids with little d.c. level change if grid current is drawn. 
By designing transformers with low mutual and leakage 
inductances and resistance, pulses of the order of 100-volt 
height and 0.1-microsecond width at the base are easily 
obtained with power video tubes. One method of discrimi- 
nation is to connect the outputs of the final transformers in 
each channel in parallel. The discrimination time of such a 
circuit with proportional counters is in the vicinity of 10-7 
sec. to 10-8 sec., the exact tirne depending on the conditions 
of variability of the pulses and amount of noise. With 
identically recurring, artificial pulses the discrimination is, 
of course, considerably better. 


* Assisted by the Office of Naval Research. 


C6. High Efficiency, High Speed Scintillation Counters 
for Beta- and Gamma-Rays. Martin Deutscu. Massa- 
chusetts Institute of Technology.—Counters that, according 
to Kallman,! use naphthalene screens and photo-multiplier 
detection have been investigated with the following results: 
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Substantially every electron is counted if it spends suffi. 
cient energy in the screen, namely about 0.15 Mev at room 
temperature or 0.05 Mev at dry-ice temperature. Screens 
several cm thick have been used giving an efficiency of 29 
percent for counting 1.2-Mev gamma-rays and even higher 
for softer gamma-rays. Energies of beta- and gamma-rays 
can be determined from bias curves with accuracy com- 
parable to ordinary absorption measurements, Coincidence 
resolving times at least as short as 0.1 microsecond can be 
used without measurable losses. No marked difference in 
performance is found between ordinary “moth flakes” and 
so-called chemically pure naphthalene. Large clear lumps 
can be obtained easily by cooling from the melt. Solid 
benzene performs as well as naphthalene. Solid bromoben. 
zene gives smaller pulses but may be useful because of its 
higher density. a- and 8-bromonaphthalene and 1,4. 
dibromobfnzene gave no useful pulses. This work was sup- 
ported in part by the Office of Naval Research. 


1H. Kallman, Natur und Technik (July 1947). 


C7. Characteristics of Geiger Counters Filled with Lead 
Tetramethyl Vapor. C. L. Meaker, C. S. Wu, anp L, J. 
RAINWATER, Columbia University.—Geiger Counters filled 
with tetramethyl lead vapor have been thoroughly in- 
vestigated. This is a self-quenching gas which exhibits a 
satisfactory plateau over wide voltage ranges irrespective 
of the material of the cathode cylinder. The useful life of the 
counter under constant high counting rate was found to be 
more than 10° counts in all counters tested. The efficiency 
for detecting electrons vs. vapor pressure has been studied. 
Ata pressure as low as 14 mm of Hg, an ordinary standard 
thin-wall silvered counter counts approximately 100 percent 
of the composite beta-particles from phosphorus P®. Be- 
cause of this low gas pressure, the dead time of counters 
filled with lead tetramethyl vapor is much less than coun- 
ters filled with the mixture of argon and alcohol. Typical 
values for the counter dead time are near 5X 10° sec. 
Counters filled with this vapor are particularly useful for 
measurements involving very high counting rates. The 
effect of the time constants of the amplifier circuit on the 
determination of dead time of a counter will be discussed. 


C8. High Pressure Cloud Chamber with Intense Mag- 
netic Field. T. H. JoHnson AND R. P. Suutt, Brookhaven 
National Laboratory.—The paper describes the design of a 
high pressure cloud chamber suitable for photographing a 
considerable number of mesons decaying in the gas. The 
probability of photographing a meson at the end of its range 
is proportional to the stopping power of the gas, to the 
sensitive time, to the window area, and to the average 
range. The sensitive time, determined by diffusion, is pro- 
portional to the pressure, p. Thus the probability factor for 
the chamber is proportional to p?. The magnetic field re- 
quired to offset multiple scattering in the determination of 
meson momentum must be increased approximately at f*. 
In 300 atmospheres of argon the momentum of a particle 
with 10-cm residual range can be determined in a field of 
30,000 gauss with 10 percent accuracy. 
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The chamber design incorporates coils external to a non- 
magnetic pressure cylinder which will produce a field of this 
intensity when excited by four Navy mine sweep generators 
delivering 2160 kw intermittently. A massive rectangular 
yoke of iron holds the pole pieces together against the high 
internal pressure. Stereo photographs are made through 
small windows of thick glass and a column of water inside 
the pressure volume. The cloud chamber is hydrostatically 
supported by oil contained within the pressure cylinder. 


C9. Probability of Meson Track Endings in a High 
Pressure Cloud Chamber. RicHarp W. Sarrorp, Brook- 
haven National Laboratory.—Calculations have been made 
of the probability of obtaining meson track endings in a 
proposed high pressure cloud chamber with 200-atmosphere 
pressure of argon and a magnetic field of 30,000 gauss, 
relative to a cloud chamber at atmospheric pressure and no 
magnetic field. The paths of mesons in the magnetic field 
were calculated taking into account Bethe-Bloch energy 
losses in the various absorbing materials (iron, oil, lead, and 
argon at 200 atmospheres) for a range of incidence angles 
and energies. Scattering was not considered. Results for 
cloud chambers of the same dimensions, normalizing for the 
probability in a cloud chamber at atmospheric pressure 
with no magnetic field, were as follows: cloud chamber at 
atmospheric pressure, P= 1; high pressure cloud chamber 
with no magnetic field, P=200; high pressure cloud 
chamber with magnetic field, P =450; high pressure cloud 
chamber with magnetic field surrounded by 20 cm of lead, 
P =350. The cloud chambers were considered biased to the 
same energy range by lead. Probabilities are given for the 
same sensitivity time. 


D1. Gamma-Rays from Alpha-Particle Reactions. Davip 
E. ALBuRGER, Yale University.*—Energies of gamma-rays 
from sodium, magnesium, aluminum, silicon, phosphorus, 
and sulfur targets under cyclotron bombardment by 7-Mev 
alpha-particles have been measured by observing the 
maximum range of Compton-recoil electrons in aluminum. 
Two beta-ray counters were arranged on a line with the 
target so that electrons in the forward direction produced 
in the end wall of the first counter could pass through both 
counters giving coincidences. The thickness of aluminum 
absorber placed between the counters at which the counts 
were reduced to the random coincidence rate gave the 
maximum range of the electrons. Using the modified 
Feather relation to compute the recoil-electron energy and 
adding the energy of the back-scattered gamma-ray the 
following gamma-rays were found: sodium, 2.75+0.25 
Mev; magnesium, 1.81+0.18 Mev and 4.3+0.3 Mev with 
an intensity ratio of 3 to 1; aluminum, 3.5+0.3 Mev; 
silicon, 2.3+0.2 Mev; phosphorus, 2.55+0.25 Mev and 
4.1+0.4 Mev with an intensity ratio of 8 to 1; sulfur, 
2.4+0.3 Mev. Comparison of these with the Q-values of 
proton groups in the corresponding ap reactions shows that 
in cases where correlation can be made the transition from 
the second excited state to ground in the product nucleus is 
favored. 


* Assisted by the Office of Naval Research. 
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D2. Proton Groups from Deuteron Bombardment of 
Sulfur. Perry W. Davison, Yale University.*—Bombard- 
ment of H;S gas with 3.3-Mev deuterons yields eight groups 
of protons. The possibility that the two shortest-range 
groups are due to air (Nz and O2) contamination has been 
ruled out on the basis of yield and variation of yield with 
deuteron energy. On the same basis the longest range group 
is believed due to nitrogen. All except this longest-range 
group are assigned to the reaction S*(dp)S®*, S® being the 
predominant isotope. The Q-values calculated are given in 
the following table. 











Level Relative Spacing 
Q in Mev in Mev yield in Mev 
Qo 6.50 0.00 1 0.98 
Qi 5.52 0.98 1/2 0.99 
Q: 4.61 1.89 3 1.05 
Q: 3.56 2.94 35 0.90 
Os 2.66 3.84 43 0.92 
Qs 1.74 4.76 120 0.92 
Qs 0.82 5.68 350 








* Assisted by the Office of Naval Research. 


D3. Energy Levels of A“. ERNeEstT POLLARD AND PERRY 
W. Davison,* Yale University.—Argon gas has been bom- 
barded by 3.4-Mev deuterons, and the protons emitted in 
the A‘*(dp)A“" reaction by absorption in aluminum were 
observed by use of a double, coincidence method. Eight 
groups of protons are observed of which two are probably 
due to slight contamination by air and a third is possibly so 
explained. The remaining groups can be assigned to levels 
in the A* nucleus. The Q-values in Mev, relative yields, 
and spacings are listed. 











Level 

Qin Mev spacing (Mev) Intensity 
Qo 3.82 1 
Qi 3.19 0.63 0.7 

2 2.65 0.54 4 

a 1.97 0.68 1 

« 1.66 0.31 1 (? Os) 

s 0.95 0.71 8 








* Assisted by the Office of Naval Research. 


D4. Proton-Proton Scattering at 2.4 and 3.0 Mev.* 
WILLIAM SLEATOR, JR., J. M. Biatr, E. E. Lamp, anp J. 
H. WiLuiaMs, University of Minnesota.—The differential 
proton-proton scattering cross section has been measured 
at 2.4 and 3.0 Mev at angles from 8° to 45° by a method 
similar to that of Herb, Kerst, Parkinson, and Plain.’ 
Protons from the Minnesota Van de Graaff generator 
reached the scattering chamber (inside diameter 43 cm) 
through a collimator of half-angular spread 0.5° and 
entered a Faraday cage. Scattered protons were observed 
with two proportional counters, one fixed for monitoring, 
and the other movable in angle. The slit system defining the 
scattering volume had a half-angular aperture of 0.66° for 
measurements below 15° and 1.23° for those above 15°. At 
15° both analyzers were used to check geometrical factors. 
The observed. scattering cross sections, uncorrected for 
finite geometry, are given in the table. The over-all probable 
error is approximately 2 percent. The values at 2.4 Mev 
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(above 15°) are on the average larger than those of HK PP 
by about 2.9 percent. Measurements at higher energies are 
in progress. 


Proton-proton cross section per unit solid angle (in barns) 








Angle 8° 10° 12.5° 15° 17.5° 20° 25° 30° 35° 40° 45° 


2.4 Mev 8.16 3.23 1.41 0.820 .635 .575 .540 .536 .522 .483 .459 
3.0 Mev 5.22 2.10 1.00 0.657 .560 .512 .499 .484 .462 .441 .413 








* Assisted by the U. S. Navy. 
1 Herb, Kerst, Parkinson, and Plain, Phys. Rev. 55, 998 (1939). 


D5. The Charge Distribution in Nuclei and the Scatter- 
ing of High Energy Electrons. M. E. Rose, Clinton 
National Laboratory.—The possibility of determining the 
shape of the charge distribution in nuclei as well as nuclear 
radii by the scattering of high energy electrons has been 
investigated. Assuming a Coulomb interaction between 
protonic charge elements and electron, the nuclear form 
factor can be directly related to the ratio of observed to 
point charge (Mott) scattering. While total cross sections 
are essentially unchanged, the cross section for large mo- 
mentum losses, such as would occur for about 50-Mev 
electrons elastically scattered through angles of order x/2, 
is reduced from the Mott value by readily observable 
amounts. The case of scattering in deuterium has been 
considered in view of the possibility of a direct determina- 
tion of the deuteron wave function apart from quadripole 
moment effects. Competition from scattering with nuclear 
excitation and disintegration, atomic ionization, and 
bremsstrahlung are not serious provided that the electron 
energy is in the neighborhood of 50 Mev, the scattering 
angles of order +/2 and the electrons observed in the 
scattering experiment are scattered with small energy loss. 


D6. Sensitivity of Proton-Proton Scattering to Poten- 
tials at Different Distances. G. Breit, A. A. BROYLEs, 
AND M. H. Hutt, Yale University.*—The small changes in 
potential energy 5 V are taken to be in small intervals AR at 
distance R. Estimates are made for the combined effect of 
qg=(5V)AR for R mc*/e*?=3, 5 and simultaneous change in 
depth 8D of short-range (e?/mc*) well. Similarly the com- 
bined effect of g, 5D and change in range is studied. For an 
assumed R mc*/e?=5, measurement of scattering with an 
accuracy of 1 percent determines g with an accuracy ap- 
proaching 1 kev through a distance e*/mc®. The energy 
region 200-600 kev is found to have special merits for the 
determination of the shape of the potential energy curve. 

* Assisted by the U. S. Navy. 

D7. Inelastic Scattering of Protons by Light Nuclei. 
KENNETH E, Davis AND Everett M. HAFNER, University 
of Rochester.—Energy states of light nuclei can be found by 
studying inelastically scattered protons by use of incident 
beams of several Mev. The method was introduced by 
Wilkins! and developed by others. We have attempted to 
improve further the sensitivity and resolutiop of the experi- 
ment. An incident beam of 7.0 Mev is defined to 2 percent 
by a slit system in the cyclotron fringing field. The thin 
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solid target is oriented at an angle that is favorable from 
the standpoint of homogeneity of scattered proton 

A fixed scattering angle of 35 degrees is used as a compro. 
mise between excessive Coulomb scattering at lower 

and loss of resolution, due to uneven targets, at high angles, 
Energies are resolved by 180-degree focusing in a magnetic 
field, and protons are detected in Eastman NTA Photo. 
graphic plates. Energy intervals of several Mey in the 
nuclear spectra are covered in each measurement, An 
interesting result obtained with this equipment is a level 
that has been tentatively assigned to Be®, appearing at 2,47 
Mev above the ground state (0.79 Mev above the dissocia. 
tion energy) and having a width less than 0.15 Mey. Other 
results for several light nuclei will be discussed. 


1T. R. Wilkins, Phys. Rev. 60, 365 (1941). 


D8. The Reaction He*(n, p)H* and the Neutrino Mass, 
D. J. HuGHEs AND C. EGGLER, Argonne National Labora. 
tory.—The mass of the neutrino can be measured by a 
careful determination of the Q-value for an (n, p) reaction 
if the resulting 8-emitter has an accurately known end 
point. We have determined the Q-values for the reactions 
N"(n, p)C™ and He*(n, p)H* from the proton ranges in a 
cloud chamber. The hitherto unobserved helium reaction 
was found by use of pile neutrons and helium containing 
about 10~* percent He*. From the measured mean ranges 
and the stopping power of the chamber, the range in air of 
the N™ proton is 0.991 cm, and that of the He? proton is 
0.980 cm. The range results, together with the range energy 
curve given by Livingston and Bethe, give the following 
values for the proton energy and the neutrino mass: 


He*; E,=552 kev; wo?=4+25 kev, 
N“; E,=557 kev; wct=1+25 kev. 


By far the largest part of the error results from the uncer- 
tainty in the range energy curve. However, the relative 
mass of the neutrino in the two cases is known much better; 
actually the experiment shows that the mass of the neutrino 
for H* and C* is the same within about 5 kev. 


D9. A New Table of Absolute Nuclear Abundances. 
HARRISON Brown, University of Chicago.—The only table 
of absolute nuclear abundances heretofore available has 
been that compiled by V. M. Goldschmidt,! in 1937. Since 
that time developments have warranted a re-evaluation of 
existing information. Following the method of Goldschmidt, 
the two main sources of data utilized in compiling the new 
table were stellar spectra and meteorites. Stellar spectra 
data were used in order to evaluate the abundances of very 
light elements together with elements which clearly would 
have been fractionated from less volatile constituents 
during the process of planet formation. Meteoritic abun- 
dances have been used in all. other cases. The new table 
possesses the same general characteristics as Goldschmidt’s 
table, but significant changes have resulted from the fol- 
lowing developments: (1) more extensive stellar data; (2) 
more precise linking of stellar abundances to meteoritic 
abundances; (3) more accurate evaluation of the ratio of 
metal to silicate phase in meteorites and in the minor 
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planets; (4) statistical evaluation of standard deviations of 
elemental abundances in meteorites; (5) development of a 
general theoretical background guiding the use of meteoritic 
data in the compilation of such a table. 


1V. M. Goldschmidt, Geochemische Verteilungsgesetse der Elemente 
(Oslo, 1938), Chapter IX, “Die Mengenverhaltnisse der Elemente und 


der Atom-Arten.” 


D10. Nuclear Magnetic Moments as Integral Multiples 
of a Natural Unit. Enos E. Witmer, University of Pennsyl- 
vania.—A study of the most accurately measured magnetic 
moments of nuclei appears to support the conclusion that 
they are either exactly or very nearly integral multiples of 
pn/672, where uy is a nuclear magneton. This conclusion is 
based on the accurate g-values or ratios of g-values for H', 
H?, H?, Li*; Tl’, and the difference of the g-values for Ba"* 
and Ba™’. For H! the magnetic moment is taken to be 
1876 uw/672. This is in general accord with a previous 
statement by the writer,’ but the natural unit here is only 
one-fourth as large as in that statement. It is in accord with 
and helps to explain the fact that for the experimental 
nuclear g-values, 84g is frequently, but not always, very 
close to an integer. 

1 Enos E. Witmer, Proc. Nat. Acad. Sci. 32, 283 (1946). 


D11l. The Hyperfine Structure of Hydrogen and Deu- 
terium. Joun E. NAFE AND Epwarp B. NELson, Columbia 
University —The atomic-beam magnetic resonance method 
has been applied to measure the h.f.s. separation of the 
ground state of H and D by observing frequencies of the r-f 
field required to induce transitions among certain of the 
magnetic levels of the h.f.s. multiplets in magnetic fields of 
the order of 1 gauss. The resonance minima were of the 
theoretical width for transitions which are field independent 
in the first order. For hydrogen we find vy = 1420.410+0.006 
Mc and for deuterium vp = 327.384+0.003 Mc. The ratio 
vH/vp = 4.33867 +0.00004. The h.f.s. separations yy and 
vp, and their ratio »yy/vp may be calculated from known 
values of the magnetic moment of the proton, yy, the 
magnetic moment of the deuteron, wa, and the ratio up/pe. 
The measured vy and yp are larger than the calculated 
values by 0.25 percent and 0.26 percent, respectively. The 
ratio of the measured h.f.s. separations is 0.017 percent 
lower than the calculated ratio. The latter discrepency is 18 
times the probable error in our measurement. 


D12. Effect of Large Quadrupole Interactions on Nu- 
clear Radiofrequency Spectra at Twice Larmor Frequency. 
NorMaN F. Ramsey, Harvard University.*—The work of 
Feld and Lamb’ on the effect of a nuclear electrical 
quadrupole moment on the radiofrequency spectrum of a 
diatomic molecule in a magnetic field is extended to a 
special case not considered by them. This is a case in which 
the electrical quadrupole interaction energy is so large that 
even in magnetic fields of several thousand gauss the 
magnetic interaction energies are small compared to the 
electrical quadrupole interaction energy. In this case it is 
shown theoretically that for a spin of § there are certain 
circumstances under which the maximum of absorption 
will occur at double the Larmor frequéncy instead of at the 
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Larmor frequency, and will have a field and molecule de- 
pendence similar in many ways to a resonance at the 
Larmor frequency. This result has the important implica- 
tion that special care must be used in identifying the 
radiofrequency resonance absorption spectra or an error of 
a factor of two in the value of a nuclear magnetic moment 
can easily be made. The approximate shape and intensity of 
the radiofrequency absorption spectrum under these cir- 
cumstances is calculated in order that a comparison of the 
theoretical shapes and intensities with the experimental 
ones can be used as a means of recognizing if an absorption 
is a double Larmor frequency one. This theory may be 
applied for example to identify the radiofrequency spectra 
of diatomic molecules containing Br and Cl. 


* Part of this work was done at Columbia University. 


D13. The Application of Li*(n, a) and B'°(n, a) to Slow- 
Neutron Monitoring. Maurice M. SHAPIRO AND JOHN R. 
BARNES, Clinton National Laboratories.—When slow neu- 
trons impinge on a photographic emulsion impregnated 
with lithium or boron, the yield of disintegration tracks 
from the Li*(n, a) and B'°(n, a) reactions, respectively, is 
very high. Moreover, when a suitable emulsion is employed, 
the tracks are dense and easily observable under high 
power magnification. These observations suggested the 
applicability of the Li and B reactions to slow-neutron 
health monitoring. Further investigation showed that this 
method of monitoring is more sensitive by several orders of 
magnitude than the N"(n, p) reaction currently employed 
in some laboratories. For example, in the Li-loaded plates 
the yield of tracks from a given slow-neutron flux is about 
150 times the yield of the N"(m, p) tracks. Furthermore, 
each track (produced by a triton and an alpha-particle 
recoiling in opposite directions) is ten times as long as, and 
considerably denser than, the proton track from nitrogen. 
Therefore, it is easier to recognize and count. With boron- 
loaded emulsions, the alpha-particle tracks are even more 
numerous although shorter than the tracks from Li. Either 
of these proposed techniques of slow-neutron health 
monitoring permits higher accuracy, while reducing enor- 
mously the time and labor consumed in microscopic 
counting of tracks. 


El. Conversion of a D.C. Motor-Generator into a Low 
Noise Power Amplifier. H. S. Sommers, Jr., P. R. WEtss, 
AND W. HALPERN, Rutgers University.— Because of the need 
for a noise-free d.c. power source for various servo applica- 
tions, such as precision control of an electromagnet or 
furnace, a commercial motor-generator set has been con- 
verted into a low noise power amplifier. The generator 
serves as the low frequency output of a wide-band negative 
feed-back amplifier. The high frequency output consists of 
a hard tube bank, in parallel with the generator, feeding 
directly into the load; an inductance inserted between the 
generator and the load keeps the armature from shorting 
the hard tube output. The band width to 3-db point of a 
model amplifier with 100-watt d.c. output, and voltage gain 
of 100, extends from d.c. to 3 kc/sec. The undistorted swing 
is 0-100 v at d.c., drops to 1-v r.m.s. at 30 c.p.s., and then 
rises to 2.5-v r.m.s. at 200 c.p.s. The noise output of the 
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generator is reduced by a factor of 5000 at d.c., 300 at 30 
c.p.s., 800 at 120 c.p.s., and finally unity at 8 kc/sec. This 
amplifier, which has. been used in a magnet current servo 
that reduced peak-to-peak field fluctuations at all fre- 
quencies to less than 10-* times the d.c. field, is being 
directly scaled to excite a 40-kw magnet. 












































E2. Electron Optical “Schlieren” Effect. L. Marton, 
National Bureau of Standards.—In close analogy to the light 
optical “Schlieren” effect (sometimes called Téppler’s 
shadow method) there exists an electron optical effect of 
similar nature. For its observation an image of a point 
electron source was produced, by means of a magnetic lens, 
on a center stop. At about half the distance between source 
and lens a magnetized recording wire was placed. In a 
conjugate plane with proper focusing a “‘Schlieren’’ image 
of the magnetic field surrounding the recording wire was 
observed. Experiments are being carried out for practical 
application of this effect to a quantitative measurement of 
the field distribution on recording wires, to studies of field 
distribution from ferromagnetic domains, to studies of 
space charge distribution, and to investigations of electro- 
magnetic field distribution of standing waves, of cavity 
resonators, of wave guides, et cetera. Results of measure- 
ments on magnetized wires will be shown. 


E3. Application of the Electron Optical “Schlieren” 
Effect. D. L. Reverpin, L. MARTON, AND S. H. LACHEN- 
BRUCH, National Bureau of Standards.—As an application 
of “Schlieren” optics, the radial change of index of refrac- 
tion of a thin electron beam can be made visible by ob- 
serving the “Schlieren” pattern. This is done by placing the 
beam perpendicular to the path of another electron beam. 
By this means information regarding either the radial 
potential distribution or the radial space charge distribution 
of the thin beam can be obtained. The potential distribu- 
tion of a homogeneously distributed electron beam of 
circular cross section which acts as a cylindrical lens has 
been obtained, and the focal length for paraxial rays has 
been calculated. For such a space charge “‘lens’’ beam of 
300 microamperes and 5000-volt accelerating potential, the 
calculations give, as a first approximation, a deflection 
sufficient for the ‘‘Schlieren’’ observation. The same experi- 
ment can also be studied for a more general space charge 
distribution, such as an electron cloud produced by a 
heated filament. Another application is the dispersion of an 
electron beam by a standing microwave field inside a wave 
guide. The deflection of 5000-volt electrons in a microwave 
field of 100 volt/cm is adequate for ‘‘Schlieren” observation. 


E4. Electron Motion in Deflecting Field of Magnetic 
Dipole. S. H. LAcHENBRuUCH, National Bureau of Stand- 
ards (Introduced by Dr. L. Marton).—After a brief outline 
of their derivation, the equations and graphs of the 
trajectories of electrons moving in the equatorial plane of a 
magnetic dipole field under various conditions are shown, 
their properties discussed, and the results interpreted. 
Application of the equations of motion to the inverse-cube 
field distribution of a short dipole yields a differential 
equation whose exact solution is given in terms of elliptic 





1244 AMERICAN PHYSICAL SOCIETY 





integrals. When the distance unit is normalized, this 
trajectory equation involves a single parameter, B, into 
which are lumped all given conditions (dipole moment, 
permeability, electron energy, and _ initial direction of 
motion). For attracting fields a critical value of B is f 

at which the form of the trajectory is radically altered, As 
the dipole strength approaches the critical value, the 
deflection angle increases rapidly and the trajectory 
proaches a spiral having as asymptote a circle about the 
dipole. Beyond this critical condition the electrons execute 
a small loop near the dipole and are thereafter repelled, The 
critical value is described numerically in terms of actual 
conditions, and the property is interpreted both as a 
practical limitation and as one to be utilized. 


ES. A Study of Cathode Behavior in the Inert Gases as 
Applied to Minimum Sparking Potentials.* Haro.p Jacogs 
AND ARMAND P. LaRocgug, Sylvania.—The minimum 
sparking ‘potentials, Vsm, are determined for barium 
magnesium, and aluminum in the five inert gases and are 
found to be as follows. 

















Helium Neon Argon Krypton Xenon 
Barium 157 129 94 104 83 
Magnesium 160 150 123 115 120 
Aluminum 189 160 154 135 150 








It is shown that, in general, the V.» tends to decrease with 
decreasing work function, ¢, of the surface. The second 
Townsend coefficient, y, is shown to decrease with in- 
creasing F/P in the region studied, with the exception of 
helium. At a constant F/P, y tends to decrease with 
increasing ¢ in all cases studied. 


* This work was undertaken in joint cooperation of the Applied 
Physics Laboratory of Johns Hopkins University and by the United 
States Navy. 


E6. Thermionic Emission of Oxide-Coated Filaments.* 
Haro_Lp Jacoss, GEORGE HEES, AND WALTER CROSSLEY, 
Sylvania.—The emission of oxide-coated filaments on 
different alloys (Ni, B-Ni, Ba-Ni, Co-Ni, Pt-Ni, V-Ni, 
tensite) was measured over a period of 500 hours. An 
empirical emission equation was used instead of Richard- 
son’s equation and was found to be as accurate and more 
simple to use. 

Ig= A’ exp(—ey/kT). 


It was found that A’ and y varied over life such that, 
logA’=Ky+B, K and B being constants. The total 
emission at 800°K was determined and found to be affected 
by the solute element or elements. 


* This work was undertaken in cooperation with the United States 
Army Signal Corps Engineering Laboratories. 


E7. Decay of Thermionic Emission of Barium-Strontium 
Oxide Cathodes during Space-Charge-Limited Operation. 
W. E. DanrortH AND W. E. Ramsey, Bartol Research 
Foundation.—By means of a “feeler pulse,” applied at a 
known and variable time after the application of anode 
voltage (of a value where the operation is space charge 
limited), the variation of a cathode’s intrinsic capacity to 
emit has been briefly studied. The circuit for accomplishing 
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this will be described. It is found, as would be expected, 
that a relatively small space-charge-limited current can 
result in reduction of intrinsic emitting capacity, even 
though, by virtue of the space-charge limitation, this cur- 
rent remains constant in time. Results will be described of 
studies of decay of emission-limited current, showing that 
the decay pattern is not constant in a given tube, but may 
in certain cases be absent initially and develop during 
operation. In agreement with others, it is found that, in 
general, a decay curve cannot, over the whole range, be 
described by a constant plus one exponential. At least two 
exponentials are required and involve time constants, to 
quote a typical example at 900°C of 1.5 10-5 second and 
5x 107* second. This work was done under OSRD and is 
now in the province of Bureau of Ships. 


Es. Anomalies in the Initiation of Cold-Cathode Dis- 
charges. JEROME ROTHSTEIN, Evans Signal Laboratory.— 
Life testing several hundred cold-cathode, triggered modu- 
lator tubes, constructed in this laboratory, disclosed several 
interesting anomalies in the initiation of the discharge. In 
accordance with their effect on output current pulse on a 
synchroscope screen, they were classified as amplitude 
jitter, time jitter, and pulse distortion. The first is tube drop 
fluctuation, the second fluctuation in time of onset of the 
main discharge relative to the trigger pulse. This fluctua- 
tion, usually a few tenths of a microsecond, was super- 
imposed on a secular delay of several microseconds. 
Distortion was mainly of three kinds, the first a gradual 
increase followed by a sudden jump to near normal current. 
The second consisted in a rise to about half-value for about 
half the pulse, normal value thereafter. The third was pro- 
nounced broadening and flattening of the entire pulse. 
Distortion, jitter, and growth in secular delay were usually 
associated, became more pronounced with age, were 
exaggerated at lower operating voltages, and seem to be 
intimately connected with the state of the cathode and the 
glow-arc transition mechanism. 


E9. Results and Semitheoretical Calculations in Micro- 
wave Breakdown.' D. Q. Posin, Massachusetts Institute 
of Technology and North Dakota State College.*—A con- 
siderable number of experimental results were obtained re- 
vealing the dependence of electrical breakdown at micro- 
wave frequencies on a number of parameters such as 
pressure of gas and width of breakdown gap; also a semi- 
theoreti¢al formulation was established for sparking field 
strength, by using certain known ionization functions and 
certain assumed ones. In addition, the effect of an external 
magnetic field in facilitating breakdown within a wave 
guide was studied for the case of 3-cm waves and explana- 
tions of the effect have been considered which tend to 
indicate the change in the power-carrying capacity of a 
given wave guide when placed in an external magnetic field. 
Calculations have been made of the equivalent rectangular 
pulse width for actual trapezoidal pulse of the same height, 
by using the ionization theory mentioned above. 


1 The experimental work is based on research done for the Office of 
Scientific Research and Development under Contract with the Massa- 
chusetts Institute of Technology. A number of the calculations have 
been performed at North Dakota State College. 

* Now at the Department of Physics, North Dakota State College. 
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E10. Measurements of Breakdown in Low Pressure 
Helium at Microwave Frequencies.* Metvin A. HERLIN 
AND SANBORN C. Brown, Massachusetts Institute of Tech- 
nology.—An electric field of sufficiently high frequency 
applied to electrons in a gas may deliver energy to the 
electrons without imparting to.them any continuous drift 
motion in the field direction. The criterion for breakdown 
of a low pressure noble gas at microwave frequencies is 
therefore that ionization by collision of electrons with 
neutral gas molecules replace loss by diffusion to the walls 
of the discharge tube. This condition is mathematically 
expressed as the solution of a simple boundary value 
problem which has been checked experimentally. This 
breakdown principle is applied to converting microwave 
breakdown measurements into measurements of ionization 
rates as a function of the electric field strength and fre- 
quency. Experimental results will be presented and their 
relationship to the usual d.c. first Townsend coefficient will 
be explained. 


* This work has been sappenet in part by the Signal Corps, the Air 
Materiel Command, and O.N.R. 


E11. Electric Fields in the Cathode Dark Space of an 
Abnormal Hydrogen Discharge. S. V. GALGINarTIs,* 
University of Wisconsin.—By measuring the magnitude of 
the Stark effect of the H gamma-line emitted from the 
cathode dark space of a hydrogen discharge, the course of 
the electric field as a function of distance from the cathode 
was obtained. A water-cooled aluminum cathode was used, 
and the current densities were as high as 1.50 amp./cm*. 
For a given current, the field strength was greatest at the 
surface of the cathode, and decreased uniformly with dis- 
tance to a zero value near the boundary of the negative 
glow. However, the length of the region of the cathode fall 
did not coincide with the visual length of the cathode dark 
space, since while the visual dark space seems to shrink 
with increasing current density, the spectrograms showed 
that the length of the region of the cathode fall increases 
with increasing current density. In the range of currents 
used, the field at the surface of the cathode increased with 
increasing current density. 


* Now at the University of Louisville. 


E12. Imprisonment of Resonance Radiation in Gas 
Discharges. T. Ho_ste1n, Westinghouse Research Labora- 
tories—When an excited gas atom makes an optical 
transition to the ground state, the emitted resonance line is 
highly absorbable by normal atoms of the gas. Under 
suitable conditions, as is shown in a previous paper,' the 
resultant imprisonment of radiation may cut down the 
radiative loss of atomic excitation by an order of magni- 
tude. In gas discharges at low or intermediate pressures 
(=>1 mm), the additional processes which affect the 
concentration of excited atoms, m,, are, primarily, excita- 
tion and de-excitation collisions of electrons with normal 
and excited atoms, respectively. Amplifying the treatment 
of the above quoted paper to include these collision proc- 
esses, we obtain, in the stationary case, an integral equation 
for n,. This equation may be solved approximately by a 
variational method in which the maximum value of a 
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characteristic functional gives directly the fraction, A, of 
excitation energy returned to the electrons by de-excitation 
encounters. Calculations of m, and A have been carried out 
for the case of Doppler broadened radiation. 


1T. Holstein, Phys. Rev. 72, 1212 (1947). 


E13. Types of Sparking in High Vacuum Diodes. W. E. 
RAMSEY AND W. E. DanrorTH, Bartol Research Foundation. 
—Studies of sparking phenomena in high vacuum diodes 
with barium-strontium oxide cathodes show a multiplicity 
of phenomena which has led us to speak of four types of 
sparking. The classification is based upon the nature of the 
triggering mechanism ; the appearance of the sparks bear no 
relation to the type. It is found that disruptive breakdown 
occurs when any one of the following conditions obtain: 
(a) The current density from any point on the cathode 
exceeds a certain critical value. (b) The field at any point 
of the cathode exceeds a certain critical value. (c) The 
electrons striking the anode exceed a critical energy. 
(d) Points on the anode reach a critical temperature. 
Types (a) and (b) are referred to as “cathode initiated 
sparking.”” Highly active cathodes will exhibit type (a) in 
the space-charge-limited state, whereas type (b) will pre- 
dominate with a poor emitter, operating in the emission- 
limited state with high anode potentials. Types (c) and (d) 
are anode initiated with the latter being the most frequent 
cause of breakdown under operation with long pulses (10 
microseconds and greater). The experimental basis for this 
classification will be described. The work was done under 
OSRD and is now in the province of Bureau of Ships. 


E14. Thermal Emittance of Various Materials Used as 
Anodes in Radio Receiving Tubes. A. D. Power, Radio 
Corporation of America.—Thermal emittance measurements 
have been made at several temperatures up to 400°C on 
various old and new materials used as anodes in radio 
receiving tubes. The values obtained at 200°C range from 
0.07 for uncoated nickel, to 0.98 for a new nickel-coated 
steel base with a mixed carbon and graphite coating. Basic 
equations are presented, followed by a brief description of 
the apparatus and procedure together with results obtained 
and a discussion of their accuracy. 


E15. Ballistic Treatment of the Traveling Wave Am- 
plifier.* D. L. Benepict, Harvard University.—A first- 
order theory for the traveling wave interaction of beams 
and slow electromagnetic waves to attain significant ampli- 
fication in the microwave region has been developed. 
Newton’s laws are applied to describe the balance of energy 
in the exchange between wave and beam and the resulting 
growth of stored electromagnetic energy in a reference 
system moving with the velocity of the wave. The results 
are translated back to the stationary system showing the 
dependence of gain on electron and wave velocity, beam 
current, and other measurable quantities. Two restrictions 
are imposed ; namely, (a) (ve—v,)r24/A,<1, (b) the energy 
extracted from the beam shall not be large compared with 
mv,(v-—v,). The manner in which these restrictions may be 
removed in application of the theory will be indicated. 


* Work supported by Office of Naval Research. 
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Fl, Measurement of Longitudinal Magn 
with Automatic Recording. E. A. Nessitr anp H 
Wii1aMs, Bell Telephone Laboratories.—A new method of 
measuring magnetostriction is described which Permits one 
to record automatically the change in length of a Magnetic 
specimen, resulting from a change in magnetic field 
strength. One portion of a ring specimen is rigidly clamped 
and the diametrically opposite point is connected toa 
cylindrical coil (Z-coil) which is suspended in a radial 
magnetic field so that the axial motion of the coil pro. 
duces a change in its flux linkages. The specimen is toroid. 
ally wound (H-coil), and the terminals of the H-coij and 
L-coil are connected to a Cioffi recording fluxmeter. A 
change of current through the H-coil actuates the mecha. 
nism and change in length is plotted automatically against 
magnetizing field on a 74” X10” sheet. Use of this instry. 
ment is illustrated for a “‘soft” magnetic material, vanadium 
Permendur (49 percent iron, 49 percent cobalt, 2 percent 
vanadium) having a magnetostriction of 51 X 10~* for an H 
of 830 oersteds, and for a “hard” magnetic material, Alnico 
V, having a magnetostriction of 30X10-* for an H of 
1600 oersteds. This and other materials for permanent 
magnets are found to have high magnetostriction in accord. 
ance with theory. 
1 Phys. Rev. 67, 200 (1945). 


F2. Energy Calculations for Domains. W. Sxock.ey, 
Bell Telephone Laboratories.—The origin, shape, and size of 
the tree patterns described by Williams and Bozorth can be 
understood in terms of the energies involved and the 
orientation of the surface. The underlying domain structure 
which is polarized in the (0+10) easy direction produces a 
surface charge +/ sin@ where the normal to the surface is 
(0, sin@, cos@), leading to a magnetostatic energy of 
1.70 J? sin*?@W/(1+4*) per unit area, where W is the width 
of the domain structure and y* is the permeability of the 
domains in fields perpendicular to the (010) direction, 
Domains of closure which eliminate all the magnetostatic 
energy can be constructed by using (+100) domains 
joining the (0+10) domains across walls whose normals are 
parallel to (+sin@, sin@, cos@). For @>4° and W>0.01 cm 
the wall energy required for closure is less than the magnet- 
ostatic energy. Complete elimination of magnetostatic 
energy does not occur because a more stable state can be 
produced by leaving some free poles and eliminating some 
wall energy. At smaller slopes this results in the tree pat- 
terns. Numerical calculations, including the effect of 
magnetostrictive energy, show semiquantitative agreement 
with all observed features, including predictions of the 
direction of spin precession in domain walls. 


F3. New Magnetic Powder Patterns and their Inter- 


pretation. H. J. WittiaMs AnD R. M. Bozortn, Bel | 


Telephone Laboratories.—New types of powder patterns, 
and explanations of types previously reported,’ have been 
obtained by deposition of colloidal magnetite on elec 
trolytically polished surfaces of single crystals of iron con 
taining 3.8 percent silicon. A specimen, having its long 
dimension almost parallel to a (110) direction, has domains 
of sheet or slab form set transverse to the long dimension, as 
postulated by Néel.? Lack of exact parallelism of the surface 
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with a (001) plane causes the formation of domains of 
closure having a form suitable for carrying transverse flux. 
A surface parallel to a (011) plane has a complicated struc- 
ture, the main features of which are understood. When a 
field is applied normally to a specimen cut almost parallel to 
a (100) plane and having a ‘‘dagger-blade”’ pattern,? some 
of the lines are intensified and some obliterated ; from this 
the variation of magnetization across the Bloch wall can be 
— 72, 529 (1947) 

1H. J. Williams, Phys. Rev. 72, 529 , 

1 Neel I desma Phys. Rev. 70, 106 (1946). 

F4. Anomalous Magnetic Susceptibilities of Zinc Single 
Crystals at 4.2°K. S. G. Syporiak, Yale University.*—The 
de Haas-van Alphen effect was discovered in zinc by J. A. 
Marcus and was studied by him at temperatures down to 
14°K by measuring the body force on a single crystal. 
Although the magnetic susceptibility perpendicular to the 
hexagonal axis, x,, was —0.150X 10~* for all fields and for 
all temperatures from 100°K to 14°K, x,, alternated with 
field at 14°K. Using a torsion method to measure (x;;—x,) 
and a cryostat suitable for work at liquid helium tempera- 
tures, it is found that at 4.2°K the effect is much more 
pronounced than at 14°K. In the range 1.3 to 3 kilogauss, 
(xix) Changed sign 18 times. At fields >2 kilogauss the 
peak-to-peak variation is 0.340 X 10~*, so, if we can assume 
x, = —0.150X10-*, x, actually swings between diamag- 
netic and paramagnetic values. Spacing of the peaks is such 
that 1/H of adjacent peaks differs by 0.046+0.001 per 
kilogauss, in qualitative agreement with Blackman’s 
theory. Above 3 kilogauss, however, the spacing is greater. 
At constant field the effect of ¢, the angle between field and 
hexagonal axis is striking. Between —90° and 0° there were 
12 minima and 11 maxima in (x,;,—x,). The amplitude of 
the swings is greatest at ¢=0 and symmetrical about 
@=0°. At room temperature (x,;—x,) is —0.048 x 10-*. 

* Assisted by the Office of Naval Research. 


FS. Ferromagnetic Resonance Absorption in a Single 
Fe Crystal.* ArtHuR F. Kip AND Rosert D. ARNOLD, 
Massachusetts Institute of Technology.—F erromagnetic reso- 
nance in a single iron crystal ¢t at microwave frequencies has 
been observed by methods similar to those of Griffiths.! For 
a given frequency, the value of applied magnetic field, H,, 
necessary for maximum absorption has been measured as a 
function of the angle @ between H, and the crystal axis. For 
v=23,670 mc/sec., H, for resonance is 2480 gauss-in the 
(100) direction and 3280 gauss in the (110) direction. 
Values at 9250 mc/sec. are 210 gauss and 930 gauss, re- 
spectively. Results are consistent with Kittel’s theory.? 
Results at the higher frequency (requiring relatively large 
H,) are consistent with the assumption that M,, the mag- 
netic moment/unit volume, aligns with H,. Results at the 
lower H, required at 9250 mc/sec. are consistent with the 
known fact that at the values of H, used M does not always 
align with H,. A consequence of this is that for @ near 45° a 
second resonance is found at a lower value of H,. 


* This work has been supported in part by the Air Materiel Command, 
the orn Corps, and the ON. 

y loaned by Bell Telephone Laboratories. 

1J. H. E. Griffiths, Nature 158, 670 (1946). 

* Charles Kittel, scheduled to appear in Phys. Rev. 73, 155 (1948). 
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F6. Paramagnetic Resonance Absorption in Copper 
Sulfate.* Ropert D. ARNOLD AND ARTHUR F. Kip, Massa- 
chusetts Institute of Technology.—The method for studying 
paramagnetic resonances in a magnetic field at microwave 
frequencies uséd by Zavoisky,! Cummerow and Halliday,* 
and others has been applied to a single crystal and to a 
powder of CuSO,-H,0. The frequency used was 9047 
mc/sec. The magnetic field necessary for maximum ab- 
sorption in the single crystal was studied as a function of 
the angle between the magnetic axis of the crystal and the 
direction of the magnetic field. Anisotropy in the crystal 
was found to cause a variation in the magnetic field for 
resonance of from 3080 gauss for the magnetic axis parallel 
to the field to 2860 gauss for the magnetic axis perpen- 
dicular to the magnetic field. Results in the powder are in 
at least qualitative agreement with single-crystal results. 
Theoretical considerations referring to these results are 
given in paper G8 by Van Vleck. 


* This work has been supported in part by the Air Materiel Command, 
the Signal Corps, and the O.N.R. : 

1 E. Zavoisky, J. Phys. U.S.S.R. 10, 197 (1946). 

?R. L. Cummerow and D. Halliday, Phys. Rev. 70, 433 (1946). 


F7. Ferromagnetic Resonance Absorption at Micro- 
wave Frequencies. W. A. YAGER, Bell Telephone Labora- 
tories.—After having observed! the sharp resonance absorp- 
tion at a wave-length of 1.25 cm in annealed Supermalloy, 
further experiments have been carried out in several ma- 
terials subjected to various superposed field strengths. 
New measurements on an annealed sample of Supermalloy 
over the range from 15 to 7500 oersteds indicate that the 
apparent r-f permeability ur, for 1.25-cm waves, has a 
minimum value of around 0.09 at about 200 oersteds, and 
at lower fields increases rapidly to unity as the applied 
magnetic field decreases toward zero. This behavior is com- 
pared with theory. In the unannealed condition, after 
severe cold rolling, the resonance maximum is broader than 
in the annealed state but its position and, therefore, the ‘“‘g”’ 
value remain unchanged. Measurements on a hydrogen- 
treated sample of pure iron and an annealed sample of 
nickel are in general agreement with the results reported in 
the original paper of Griffiths.* 


1W. A. vooe and R. M. Bozorth, Phys. Rev. 72, 80 (1947). 
J. H. E. Griffiths, Nature 158, 670 (1946). 


F8. Effects of Nuclear Electric Quadrupole Moments in 
Nuclear Paramagnetic Resonance Absorption. R. V. 
Pounp, Harvard University.—In liquids 3 V/d2* fluctuates 
very rapidly as a consequence of thermal agitation and 
averages nearly to zero in one r-f period. Thus a nuclear 
electric quadrupole moment affects the absorption line due 
to the nuclear magnetic moment only through a shortening 
of the “spin-lattice” relaxation time, 7). This effect has 
been found to be large for aqueous solutions of Br’ and 
Br*, providing identification of the two lines through their 
different widths. In crystals having lower than cubic sym- 
metry the magnetic moment lines of nuclei possessing 
quadrupole moments should be split by the interaction 
with #V/dz*, z being along the field direction. The Li’ lines 
in powdered LizCO; and Li:SO,-H;O have been found to 
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spread over 80 and 50 kc/sec. and to have shapes in 
agreement with a quadrupole interaction. In single crystals 
of Li;SO,-H;0, the Li’ line has been found to break up into 
three components for certain orientations of the crystal in 
the magnetic field. Experiments are under way to determine 
the dependence of the splitting on orientation to see if it is 
in agreement with estimates, based on the crystal structure, 
of #V/dasz*, to which the H:O molecule may be a large 
contributant. 


F9. Fine Structure of the Proton Paramagnetic Reso- 
nance Line in Crystalline Hydrates. G. E. Paks, Harvard 
University.—Fine structure has been observed in the 
nuclear resonance absorption line for protons in crystalline 
hydrates. The stability of a permanent magnet, which 
provided the field of 6820 gauss, facilitated line shape 
studies. Measurements on a single crystal of CaSO,-2H:0 
reveal four component lines with pattern width varying 
from zero to 22 gauss, depending upon the magnetic field 
direction in the crystal. The number of component lines and 
the dependence of their spacing on field direction are calcu- 
lated by treating the magnetic dipole-dipole interaction as a 
perturbation of the two-proton system in the water mole- 
cule; the more distant proton moments, neglected in this 
calculation, provide finite width for the component lines. 
Variation of the splitting with field direction determines the 
orientation in the lattice of the line connecting protons of 
the water molecule. The length of this line in CaSO,-2H:0 
is measured by the splitting to be 1.58A; for an assumed 
H—O-—H bond angle of 108°, the O—H distance is 0.98A. 
The isotropically oriented microcrystals of powdered 
hydrates lead to a characteristic fine structure which de- 
termines the proton-proton distance somewhat less 
accurately. 


F10. Orientation of Domains in Polycrystalline BaTiO;. 
G. C. DanrEtson, Bell Telephone Laboratories.—The orien- 
_ tation of domains in BaTiO; polycrystalline ceramic disks 
has been determined from back reflection x-ray diffraction 
photographs as well as from their piezoelectric effects.’~* 
The observed changes in the relative intensity of the (510) 
and (015) planes, using copper radiation, and the (311) and 
(113) planes, using chromium radiation, upon application 
of an electric field can be interpreted in terms of orientation 
of the ferroelectric domains. A method of quantitatively 
measuring the angular distribution of domains is indicated. 
Just above the Curie temperature the application of an 
electric field changes the symmetry of many BaTiO; 
crystals as shown by an increase in the number of non-cubic 
crystals. 


1S. Roberts, ty Rev. 71, 890 (1947). 
2 W. P. Mason, Phys. Rev. 72, 869 (1947). 
*W. L. Cherry and R. Adler, Phys, Rev. 72, 981 (1947). 


Fill. The Existence of Relations Among the Thermo- 
magnetic and Galvanomagnetic Coefficients.* H. B. 
CALLEN, Massachusetts Institute of Technology.—The appli- 
cation of Onsager’s reciprocal relations** to the thermo- 


magnetic and galvanomagnetic effects in isotropic 
allows one to express the coefficients of all the effects in 
terms of six independent “kinetic coefficients.” There 
thus, two independent relations among the eight 
defined*** coefficients in a magnetic field. One of these 
relations, connecting the Ettinghausen and Nernst coeff. 
cients and the isothermal! heat conductivity, has been 
previously obtained by Bridgman, but there has hitherto 
been some doubt and speculation as to the existence of 
relations other than this. The second relation is a rather 
complicated one, but may be shown to degenerate in weak 
magnetic fields into the equalities between the adiabatic 
and isothermal values of the electric and heat conductivities, 
* This work was supported by O.N.R. and the U. S. Signal Corps, 


** L. Onsager, ke pe Rev. 37, 405 (1931); 38, 2265 (1931), 
*** A. Sommerfeld and N. H. Frank, Rev. Mod. Phys. 3, 1 (1931), 


G1. Antenna Current Distributions.’ Ricuarp C. Ray. 
MOND AND WAYNE WEBB, Pennsylvania State College —An 
apparatus has been built and used to measure the current 
amplitude distributions on some types of high frequency 
antennas. Comparison of the measured distributions with 
several assumed distributions shows that none fit very 
precisely. Calculation of radiation resistances from the 
current distributions by the Poynting vector method gives 
fair agreement with measured resistances as determined by 
the standing-wave method. The differences between the 
measured and commonly assumed distributions are such 
that their effects on the radiation resistance are relatively 
small. 


1 This work was supported in part by the Army Air Forces. 


G2. Nuclear and Molecular Magnetic Moments ip 
Microwave Zeeman Spectra.* C. K. JEN, Harvard Uni- 
versity—The Zeeman effect of a number of microwave 
spectral lines has been studied by applying a magnetic field 
in a resonant cavity which acts as the absorption cell. Ina 
detailed investigation of ordinary ammonia gas, the doublet 
separation in a weak magnetic field was found to be ap 
proximately 0.72 mc per 1000 gauss. The Zeeman separa- 
tion proves to be very nearly independent of the quantum 
numbers for various spectral lines, in agreement with the 
results of Coles and Good.' Almost the same constant 
separation applies to the satellites due to nuclear quad- 
rupole moments. The observed effects can be explained 
theoretically only when we assume that the g-factor due to 
N* nuclear spin and that due to molecular rotation are of 
the same order of magnitude, and that for a weak field the 
two g-factors combine through the spin-rotation coupling. 
The analysis yields a g-factor 0.48+0.03 for the molecular 
moment, when one uses the known value of 0.403 for the 
N* nuclear moment, both expressed in nuclear magnetons. 
Thus, measurements of the Zeeman effect for microwave 
spectra should provide a new source of information about 
the nuclear and molecular magnetic moments and the way 
they are coupled. 

* The research ted in this abstract was carried out under com 


tract with the of Naval Research and the Signal Co: 
1D. K. Coles and W. E. Good, Phys. Rev. 70, 979 (1946). 
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G3. Pure Rotational Spectrum of ICI. C. H. Townes* 
B. D. Wricst,** AND F. R. Merritt, Bell Telephone 
Laboratories.—About thirty lines due to the J =3—>4 ro- 
tational transition of ICI have been found at wave-lengths 
near 1.1 cm. From these lines the nuclear quadrupole 
coupling, eg2=eQ(0*V//d2*), may be determined for I as 
minus 2930 mc, and for Cl** as minus 82.5 mc. The iodine 
coupling is so large that effects! of the order (egQ)*/B must 
be taken into account in order to fit the experimental re- 
sults adequately. A line due to molecules in the first excited 
vibration state was detected so that the rotational con- 
stants B, and a, can be determined as 0.114164 cm and 
0.000536 cm™', respectively, for ICI**. These are in agree- 
ment with previous, less accurate determinations. The fre- 
quency interval between ICI"? and ICI* lines gives a mass 
difference between Cl*’ and Cl** about one part in 2000 less 
than mass-spectroscopic measurements.* 

* Now at Columbia University. 
i Th Ay to be published. 


2 Curtis and Patkowski, Phil. Trans. Roy. Soc. 232, 395 (1934). 
3 Mattauch, Nuclear Physics Tables (Interscience Publishers, Inc., 


1946), p. 130. 


G4. Stark Effect in High Frequéncy Fields. F. R. 
MERRITT AND C. H. Townes,* Bell Telephone Laboratories. 
—Stark effect on molecular lines falling in the microwave 
region has been obtained by a number of workers. Because 
of the relatively long time required for radiation absorption 
to take place at microwave frequencies, the Stark field may 
be varied appreciably during one absorption process. A 
solution of the time-dependent wave equation can be ob- 
tained by perturbation methods which is good for any 
frequency of variation of the Stark field small compared to 
other molecular frequencies. At low frequencies this solu- 
tion reduces to the normal static-field solution. At fre- 
quencies of the order of the line width 1 megacycle, the 
Stark components do not change frequency synchronously 
with the Stark field, but new lines appear in the absorption 
spectrum separated by integral multiples of the frequency 
of the applied field. At still higher frequencies the spectrum 
is again reduced to the normal number of Stark compo- 
nents, but their frequencies represent an average of the 
Stark field. These effects have been observed experi- 
mentally with the J = 1— >2 line of OCS. Relative intensi- 
ties of lines under different conditions have been calculated 
and agree well with experimental results. A similar behavior 
should be produced by other time-dependent perturbations. 


* Now at Columbia University. 


GS. Microwave Absorption Spectrum of COSe.* M. W. 
P. STRANDBERG AND T. WENTINK, JR., Massachusetts 
Institute of Technology.—The J=2 to 3 transition in the 
pure rotation spectrum of COSe, which is a linear molecule, 
was investigated using a Stark modulation microwave 
spectroscope.' The spectrum which lies between 23,500 and 
24,500 Mc/sec. contains lines due to all the known stable 
isotopes of selenium in conjunction with the C” and O"* 
isotopes. No quadrupole effects were observed. Rough 
measurements of intensity ratios are in agreement with the 
reported abundances. Weaker lines were observed for 


AMERICAN PHYSICAL SOCIETY 1249 


C#O""Se* and C"O"*Se”* and for excited vibration states of 
the C"O""Se molecule with several selenium isotopes. The 
symmetrical stretching »;=1 and the bending vibration 
v=1 were excited in sufficient amounts to be observed. 
From the intensity compared to the ground state lines the 
fundamental infra-red vibration frequency w: has been 
estimated to be 440 cm™. Further work is in progress to 
obtain accurate mass ratios and interatomic distances. 


* This work has been su: in part by the Signal Corps, the Air 
Materiel Command, and O.N.R. 
1R. H. Hughes and E. B. Wilson, Jr., Phys. Rev. 71, 562 (1947). 


G6. Stark Effect in the COSe Molecule.* T. Wentin«, 
Jr., M. W. P. STRANDBERG, AND R. HILLGER, Massachusetts 
Institute of Technology—The Stark splitting has been 


measured for many of the lines in the COSe spectrum near 


24,000 Mc/sec. A square-wave Stark voltage was used with 
the Stark electrode essentially grounded for half the cycle 
so that the Stark components and the undeviated line are 
bothsharp. Field strengthsof 7,5 kv/cmareobtainable. The 
Stark field is parallel to the microwave electric field and 
only the * components of the spectrum are observed. For 
the J =2 to 3 transition in COSe, components are observed 
for m=0, +1, and +2 which are well resolved from the 
undeviated line. In the ground vibration state they show a 
quadratic Stark effect, which corresponds to a dipole 
moment of 0.752 +0.007 Debye units. Values for the several 
selenium isotopes are the same within experimental error. 
The quadratic Stark splitting has also been measured for 
molecules in the 9;=1 stretching vibration mode. The 
dipole moment measured for this state is 0.728+0.007 
Debye units. The lines for the excited bending vibration 
show a linear Stark effect except for Stark splittings that 
are small compared to the /-type doubling. 


* This work has been supported in part by the Signal Corps, the Air 
Materiel Command, and ORR. 


G7. Minimum Detectable Absorption in Microwave 
Spectroscopy and an Analysis of the Stark Modulation 
Method. W. D. HERsHBERGER, Radio Corporation of 
America.—It is shown that the minimum detectable ab- 
sorption coefficient for an isolated spectral line, as meas- 
ured in a matched wave guide of optimum length, is 
[(4kTNAf)/(Po/e) ae, where N is the noise factor and Af 
the band width of the receiver, a, is the attenuation con- 
stant for the wave guide, and Po/e is the average microwave 
power available at the receiver. The equivalence between 
cavity and wave guide methods is developed. The Stark 
modulation method of Hughes and Wilson is analyzed, 
assuming a quadratic Stark effect, and expressions are 
developed for the modulation factor of a microwave at 
twice and four times the frequency of the Stark field. For 
a matched guide the modulation factor is a,J/4. Also the 
shift in line position is calculated, and finally, the directions 
in which improvement in sensitivity may be expected are 
indicated. 


G8. Theory of the Width of Microwave Lines in Cupric 
Salts. J. H. VAN VLECK, Harvard University —In a mag- 
netic field of the order 10* gauss, cupric salts have a reso- 
nance absorption in the microwave region caused by the 
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magnetic dipole moment of the electron spin. Since a 
crystalline field cannot split the twofold degeneracy of the 
ground level, the absorption lines for a single crystal are 
broadened only by dipolar coupling. The phenomenon of 
“exchange narrowing’’! makes this broadening less than one 
would calculate from the mean square under the Gaussian 
hypothesis. As the result of the action of the crystalline 
field, the g-factor is anisotropic. Hence, the position of the 
lines in single crystals depends on the orientation of the 
principal axes relative to the magnetic field. This anisotropy 
broadens the lines for a powder even without the dipolar 
effect. A calculation is made of the resulting line structure 
on the basis of the model of the crystalline field for 
CuSO,-5H:0 developed by Krishnan and Mookherji? and 
by Polder.* Comparison with experiment is made in ab- 
stract F6 by Arnold and Kip. 


1C. J. er and J. H. Van Vleck, Phys. Rev. 72, 1128 (1947). 
2K. S. Krishnan and A. Mookherji, Phys. Rev. 54, 533, 841 (1938). 
*D. Polder, Physica 9, 709 (1942). 


G9. Anomalies in the Infra-Red Spectra of Phosphine 
and Arsine. VirGinta M. McCoNAGHIE AND HARALD H. 
NIELSEN, Ohio State University.—The infra-red spectrum of 
phosphine has been measured by Fung and Barker! who 
interpreted it on the basis that the molecule is an acci- 
dentally spherical rotator. The spacing between rotation 
lines in the fundamental bands w; and ws, however, leads to 
rather different values of the moment of inertia of the 
molecule. It is found in measurements made here that much 
the same condition exists for the AsH; and AsD; molecules. 
It may be demonstrated that the spacing between rotation 
lines in the two fundamental bands ws and w,, which overlap 
each other in the spectra of all these molecules, may be ex- 
pected to be anomalous. The frequency w3, which is along 
the z axis (symmetry axis) of the molecule and the twofold 
degenerate frequency, ws, which is in the xy plane of the 
molecule, are nearly alike. This resonance gives rise to a 
first-order Coriolis interaction between a nearly isotropic 
three-dimensional oscillator and an accidentally spherical 
rotator. In the P and R branches of the frequencies ws and 
ws (ws <w,) a value for the rotational spacing between rota- 
tion lines Av = (1+¢’)(h/42°Jc) is predicted; in the R and P 
branches of these same bands a rotational line spacing of 
Av=(1—{’)(k/42°Jc) is expected as J assumes large values. 
¢’ may be regarded as the Coriolis coupling coefficient. 


1 Lai Wing Fung and E. F. Barker, Phys. Rev. 45, 238 (1934). 


G10. Interaction of Nuclear Quadrupole Moments with 
Molecular Rotation in Asymmetric Rotor Molecuies. J. K. 
BracG, Harvard University—A theoretical treatment is 
given of the splitting of the rotational levels of an asym- 
metric top molecule due to interaction of electric quadrupole 
moments of one or two nuclei with the electric field of the 
molecule. The matrix elements of the coupling operator 
3(I-J}-4I-J —I’J* are the same as for linear molecules and 
symmetric tops, but the parameter ((3 cos*@—1)/r*)y de- 
pends on the transformation which diagonalizes the energy 
of the asymmetric top in question, and involves two con- 
stants of the molecule for a given vibrational and electronic 
state, 0° V/dz* and 3° V/dx*—3V/dy*, where x, y, 2 refer to 
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the directions of the principal axes and V is the electrostatic 
potential at the nucleus in question. The Possibility of yse 
of these facts in identification of asymmetric rotor spectra 
is mentioned, and experimental work in progress on two 
molecules, CHF2Cl and CH2Cle, is described. 


G11. Absorption by N; and O, of Solar Wave-Lengths 
in the Extreme Ultraviolet. K. C. CLARK, Harvard pj. 
versity.—The presence of ionized layers in the upper atmos. 
phere is known to depend in part on the incident solar 
radiation, which undoubtedly contains prominent emission 
lines of H and He at wave-lengths sufficiently short to 
ionize the atmospheric gases. Absorption coefficients of N; 
and O: were measured with a vacuum spectrograph with 
an electrodeless discharge to produce with constant ip. 
tensity the H Lyman series through the seventh member 
(A926) and the principal line 4584 of the Hel series. From. 


the absorption coefficients measured for H Lyman 2, 3-..7 


and Hel A584, the height of maximum absorption by the 
atmosphere is computed for each wave-length with stand. 
ard estimates of the composition and temperature. The F 
layer may plausibly be assigned to ionization of N and 0 
by Hel \584. Because of their strong absorption’ by N; far 
above the dissociation height of O2, the lines of H and Hel 
measured cannot ionize atmospheric Ox. Similarly, none of 
the lines measured can penetrate to the height of the D 
layer. The E layer may still be attributed to possible 
ionization of O2 by higher members of the Lyman series or 
by continuous blackbody solar radiation in the range 
dA1010-910. 


G12. Experimental Check on Intensity Distribution in 
Small-Angle X-Ray Scattering. JoHN TURKEVICH AND 
Harry H. HuBBELL, JR.,* Princeton University.—The 
Guinier formula for the intensity of x-rays scattered at 
small angles by finely divided materials has been checked 
experimentally in several respects. With a sample of carbon 
black, seven crystal-monochromated wave-lengths gave 
scattered intensity versus angle curves which superposed 
within experimental error over a 10,000 to 1 intensity range 
when the angles were divided by the appropriate wave- 
lengths. The wave-lengths used ranged from 0.71 to 2.28A. 
Three filtered Ka wave-lengths gave similar results on this 
sample and also on three gold colloids and several other 
samples. A gold colloid prepared by precipitation with 
sodium citrate from gold chloride solution gave a scattering 
curve agreeing with that predicted over a fifteenfold in- 
tensity range for three wave-lengths. Electron microscope 
pictures show this colloid consists of spherical particles of 
200+24A diameter, with about 57 percent of the particles 
falling in this range. The scattered intensity curve shows 
unmistakably the first secondary maximum in intensity 
predicted by the theory and in nearly the right position. 
Intensities were measured by a Geiger counter whose 
linearity was repeatedly checked. Photographs also show 
the secondary maximum shifting with wave-length as 
predicted. 


* Now at Middlebury College. 
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G13. The Effect of Apparatus Geometry on Small- 
Angle X-Ray Scattering Curves. Harry H. HusBELt, JR., 
Princeton University—It was calculated that the fre- 
quently used Gaussian-error type approximation to the 
intensity as a function of angle for x-rays scattered by finely 
divided materials was not valid for intensities less than one- 
tenth that scattered at zero angle. Calculations showed that 
the secondary maxima and minima predicted by Guinier’s' 
exact scattering theory for homogeneous spherical particles 
will be smeared out by the use of slits instead of pinholes to 
define the x-ray beam. The first secondary maximum will 
move toward smaller angles as the slits are made longer. 
Increasing the length of the slit rapidly fills the minimum 
of the intensity curve, but raises the intensity of the 
secondary maximum much less. Methods suggested by 
other workers for correcting scattering curves observed 
with slit geometry to corresponding pinhole curves destroy 
any secondary peaks which might appear. These peaks 
have been observed (see previous paper). The effect of a 
distribution in particle sizes was shown to be a further 
smearing out of the secondary maximum until as narrow a 
spread as one having a mean deviation of 12 percent in 
particle diameter gives a scattering curve without any 


secondary peak. 
1A. Guinier, Ann. de physique 12, 161 (1939). 


G14. A High Temperature X-Ray Diffraction Camera.* 
James W. Epwarps, RuDOLPH SPEISER, AND HERRICK L. 
Jounston, The Ohio State University.—In this Laboratory, 
we have developed an x-ray powder diffraction camera that 
is designed for use up to 3000°K. The sample in form of a 
wire, compacted rod, or contained (wherever suitable) in a 
thin-walled quartz or ceramic tube is heated indirectly by 
conduction and radiation in a thin-walled graphite, 
tantalum, molybdenum, or tungsten furnace. The furnace 
is heated by high frequency (0.5 megacycle) eddy currents 
induced by a small induction coil. The cylindrically shaped 
furnace and the sample are held coaxially in the induction 
coil and slowly revolved. The specimen temperature is 
maintained constant to +0.2 percent by an especially 
designed temperature regulator. A copper water-cooled 
jacket, with slots fitted with metal foil to filter the diffracted 
x-radiation, completely surrounds the furnace and is used 
to protect the x-ray film from the heat and light. The 
Straumanis film arrangement is used. The temperature of 
the furnace is measured with a disappearing filament optical 
pyrometer. The entire camera is evacuated and operated at 
pressures less than 1X10~* mm Hg. X-ray diffraction 
patterns of molybdenum at 2500°K have been made. 
Copper K —a radiation has been used and exposure times 
of 2 hours. Very satisfactory patterns of molybdenum were 
obtained. 


* Supported by the Office of Naval Research. - 

G15. On the Diffraction of X-Rays from Coarse Powders. 
ZiGMOND W. WILCHINSKyY, Standard Oil Company of New 
Jersey, Louisiana Division.—In developing the integrated 
intensity equation for diffraction of x-rays from coarse 
powders, it is necessary to consider the contribution of 
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diffracted energy from each particle. For any particle below 
the surface of the sample, the incident and diffracted rays 
are of course attenuated. In a previous development! the 
required absorption factor was computed in the same 
manner as for a fine powder, whereas in the present treat- 
ment the absorption factor is obtained by considering the 
statistical distribution of coarse particles. The predictions 
of these two theories differ conspicuously for the case of a 
coarse powder consisting of a single crystalline phase. 
According to the older theory, the integrated intensity 
should not be affected by particle size; however, the pro- 
posed theory predicts that under certain conditions the 
integrated intensity could be considerably lower than for an 
ideal fine powder. Experimental results indicate that the 
integrated intensity decreases with increasing particle size 
and decreases with decreasing degree of compaction of the 
powder, in accord with the new theory. 


1G. W. Brindley, Phil. Mag. 36, 347 (1945). 


H1. Test of the Hypothesis that the Sea-Level Cosmic- 
Ray Meson Disintegrates into a Photon and an Electron.* 
R. D. Sarp anv E. J. AttHaus, Washington University.— 
The hypothesis has been tested by searching for delayed 
coincidences between the 50-Mev photon, detected by its 
materialization in a Pb sheet and the arrival of the meson 
that gets stopped. From top down: Geiger-Mueller tubes, 
A; 12.5-cm Pb filter; G-M tubes, B; 21.6 g/cm? brass 
absorber; anti-coincidence G-M tubes, C; 9.74 g/cm* Pb 
photon converter (calculated chance of at least one electron 
emerging, 50 to 60 percent); G-M tubes, D; G-M tubes, E. 
The circuit! records simultaneous and delayed coincidences 
(AB: DE) between coincidences of D and Eand of A and B 
For detecting the photon, an anti-coincidence circuit per- 
mits registration only when Cis not triggered within 10 usec. 
Without C and the Pb sheet, (AB:DE) delayed 1.16 to 
7.93 ysec. (due to decay electrons from brass) occur at 
0.42+0.07/hr. With C and the Pb sheet, (AB—C:DE) 
delayed 1.16 to 7.93 psec. (decay photons from brass) 
should occur at about 0.24/hr. if the hypothesis is correct. 
There have been only 4 in 314 hrs., and these can be ac- 
counted for by the measured inefficiency of C. 

7. 
We are indebted t0B. Rossi M. Sands and M. H. Hubbard of 


M.1.T. for ae: of the coincidence circuit. It was designed by Sands 
(B. Rossi, M. Sands, and R. D. Sard, Phys. Rev. 72, 120 (1947)). 


H2. The Decay of Slow Mesons.* G. E. VALLey, 
Massachusetts Institute of Technology.—The mean life for 
decay of slow positive and negative mesons has been ex- 
amined for mesons stopped in beryllium. Within the 
experimental error, the mean lives of mesons of both signs 
is equal to the accepted value of about 2.2 usec. It is found 
that approximately equal numbers of mesons of each sign 
decay in beryllium. There is no evidence that more than 
one charged particle is emitted during the decay of either a 
positive or a negative meson in beryllium. The experiment 
is now being repeated to find out the behavior of mesons 
stopped in magnesium. _ 


* The research described in this letter was supported ially by the 
Office of Naval Research. . menting 
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H3. The Production of Mesotrons in Cosmic-Ray Stars 
in the Stratosphere.* J. J. Lorp AND MARceEL SCHEIN, 
University of Chicago.—Two Ilford, type C2 plates sent 
along with a free-balloon experiment in the stratosphere 
were exposed to cosmic radiation at an altitude greater 
than 60,000 feet for a period of eight hours. In the two 
square centimeters of the plate examined so far, the rate 
of star production corresponded to approximately 6000 
stars of more than 4 long-range particles per cubic centi- 
meter of emulsion per day. In some of the stars, nuclei 
heavier than a-particles were emitted which then dis- 
integrated at the end of their range into two particles 
(“hammer track’’). One of the stars consisted of ten well 
separated particles emitted from a common center. Two of 
the tracks in this star were identified as protons by their 
total number of grains versus range.! Two very long-range 
tracks (917 and 1512 microns), one of which originated in 
the center of a star and both stopping in the emulsion, 
were identified as mesotrons. Since, in these events of 
mesotron production, the total energy in the stars appears 
to be only a few hundred Mev, it does not seem to be im- 
possible that mesotrons can be created artificially by the 
recently developed high energy machines. 


* This research was ~~ — im gost by the, U. S. Navy. 
1 Lattes, Occhialini, and Powell, Nature 160, 453 (1947). 


H4. On the Interpretation of Data on Large Air Showers.* 
Joun M. Biatr, Massachusetts Institute of Technology.— 
Two ionization chambers of area A, a distance 2a apart, 
record a count only if more than N particles traverse each 
chamber. Assuming all showers to hit vertically, let S(No) 
be the number of showers per unit area per second in which 
more than N, particles cross the plane of observation. We 
assume the same lateral structure function f(r) for all showers, 
ie., the particle density a distance r from the shower axis 
is p(r)= Nof(r). If we neglect the finite size of the cham- 
bers, the counting rate W(N, a) is an integral involving 
S[N/Af(r)]. The integral equation can be inverted, giving 
S[N/Af(r)] as an integral involving 0*W/da*. The im- 
plications of this solution will be discussed. We then 
assume S(No) proportional to No’, and f(r)=Moliére’s 
expression.! W(N, a) was computed for r = 1.65, 1.70, 1.75. 
The curves show extremely sharp drops between a =0 and 
a=0.005 characteristic units (about 1-meter separation). 
The correction for the finite chamber size was found ex- 
plicitly. It decreases the drop somewhat but does not 
eliminate it. The experimental results of Williams will be 
compared with this theory in the following paper. 


* The research described in this abstract was supported partially by 
the Office of Naval Research. 
‘ ee et. al., Cosmic Radiation (Dover Publications, New York, 
. p. 36. 


H5. The Lateral Distribution Function of Cosmic-Ray 
Air Showers.* Ropert W. WiLLiaMs, Massachusetts Insti- 
tute of Technology.—An arrangement of four ionization 
chambers with electronic coincidence and photographic 
recording of pulse height was used to investigate the lateral 
distribution of particles in large cosmic-ray air showers 
(Auger showers). The ionization chambers are thin-walled 
cylinders filled with five atmospheres of argon, purified to 
permit quantitative electron collection, At an altitude of 
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10,000 feet the number of two-chamber coincidences 

by showers was measured as a function of the Separation 
between the two chambers, the other two chambers bei 
used to help distinguish showers from nuclear disintegra. 
tions. The minimum particle density selected was 30 
particles/m’, and at all distances the number of coin. 
cidences varied approximately as (particle density)-12 
Between 12.2 meters and 0.36 meter the number of coing. 
dences increased by a factor of two, somewhat less than 
expected from Blatt’s calculations using Moliére’s lateral 
distribution function for the density of shower Particles, 
This discrepancy, if real, would suggest that the actual 
distribution function is less concentrated at the core than 
the Moliére function. 


* The research described in this abstract was supported 
the Office of Nava! Research. - Partially by 


H6. Ionization Chamber Bursts at High Altitudes* 
T. Coor anv G. A. SNow, Princeton University.—A thin. 
wall, low pressure ionization chamber has been sent aloft 
by means of balloons to a pressure of 1.5 cm Hg. Sizes of 
pulses (0.8 to 20Xionization of Po—a) were telemetered 
to ground where they were recorded along with pressure, 
The frequency of bursts of all sizes increased rapidly up 
to the highest altitude reached. For bursts >2Po—e the 
rate vs. pressure curve corresponds to an exponential ab- 
sorption in the atmosphere with a mean free path of 1@ 
g/cm*. In the range 0.8—2Po0—a the increase is much 
slower with altitude and a leveling off occurs at ca. 2 em 
Hg. The ionization produced by all bursts >0.8P0—a was 
computed to be about 12 percent of the total ionization 
at 1.5 cm Hg. The absolute rate of those events is in fair 
agreement with the rate of star production found in 
photographic plates sent with the flights. The most reason- 
able assumption is that these bursts are stars and that 
they are closely associated with the primary process. 

* Supported by the Office of Naval Research. 


H8. Meson Induced Fission: J. A. WHEELER, Princeton 
University.—Experimental and theoretical evidence sug- 
gests that the non-electric interaction between ordinary 
mesons and nuclei is very weak in comparison to the electric 
forces. On this assumption it is possible to calculate fora 
relativistic particle of mass 200 and spin 0 the energy levels 
in the extended field of the nucleus. In the case of uranium 
the calculated energy release in the transition from the 
2-s. to the 1-s. level is 6.7 Mev. The process in which 
this energy is transferred to the nucleus to cause fission is 


calculated to compete favorably with radiation, Auger | 


transitions, and pair production. The energy required to 
produce fission of a nucleus with a meson in the 1-s. state 
is calculated to exceed by about 0.6 Mev the normal fission 
energy. That slow ordinary negative mesons will produce 
fission appears possible in the case of uranium and reason- 
ably probable in the case of heavier nuclei where the energy 
available exceeds with greater certainty the threshold for 
fission. 


H9. The Altitude Variation of Large Pulses in Ionization 
Chambers.* Rospert I. Hutsizer, Massachusetts Institute 
of Technology.—lonization pulses occurring in unshielded 
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cylindrical jonization chambers, borne by balloons to 
altitudes up to 87,000 feet (20 g/cm?*), were recorded by 
‘means of a radio link to the ground. The chambers were 
constructed of #-inch brass, two inches in diameter by 5} 
inches long, and were filled with six atmospheres of argon. 
The number of pulses, corresponding to an energy loss in 
the chamber of 6.3 Mev, increases by approximately a 
factor of four between 30,000 feet (306 g/cm*) and 70,000 
feet (45 g/cm’). 

a Tues sengnecte 1 Geant = this abstract was supported partially by 


H10. The Absorption in Carbon and Lead of Cosmic- 
Ray Particles at Very High Altitudes.* MarTIN A. PoMER- 
antz, Bartol Research Foundation.—Curves concerning the 
absorption in lead of cosmic-ray particles at very high 
altitudes have been obtained. These reveal the nature of 
the variation with altitude of the intensity of the so-called 
“soft” component (here construed to consist of electrons 
and slow mesons). A progressive increase in the relative 
intensity of particles having a range in lead of less than 
approximately 25 g/cm? occurs at atmospheric depths 
between 250 mm of Hg and about 80 mm, followed by a 
rapid decrease apparently to zero at the top of the atmos- 
phere. The absorption coefficient of particles having 
ranges exceeding the aforementioned value does not vary 
appreciably with altitude. A comparison of the relative 
stopping powers of carbon and lead indicates that the 
absorption in 17 g/cm? of C is equal to that in 8.8 g/cm? 
of Pb at an atmospheric depth of 250 mm. The Pb-equiva- 
lent decreases to 6.1 g/cm? at 100 mm, and thereafter 
increases with altitude, the value at 50 mm being 13.9 
g/cm*. A flight with standard apparatus utilizing an out- 
of-line counter has demonstrated that the effect of showers 
in the present experiments amounts to less than 5 percent 
of the measured intensities. 

* Supported by Office of Naval Research, 


Ji. A Generalization of a Theorem by Larmor in Hydro- 
dynamics. I. OpaTowsk!i, University of Michigan.—lIf 
S(x1, %2, X3)=const. is the equation of a surface to whicha 
steady motion of a fluid is constrained, then the stream- 
lines of the flow are determined on that surface by the 
equation § M(q2dx; —qidx2)/(@S/dx3)=const., where the 
qgi’s are the contravariant components of the velocity of 
the fluid, M is any function satisfying the equation 
Lins *? (Mqi)/dx;=0 and x; is intended as eliminated in 
the integrand of the above formula by means of S(x:, x2, x3) 
=const. If the x,;’s are orthogonal cartesian coordinates, 
then M=p=the density of the fluid. If the x;’s are general 
curvilinear coordinates, M=p(a)*, where a is the value of 
the determinant of the coefficients a;; in the expression for 
the length of arc: ds*= 2, ; ai;dxidx;. The result facilitates 
the study of streamlines of helical, spiral and general 
conical flows. In the latter, the streamlines are inter- 
sections of skew cones with surfaces of revolution. The 
result is valid for non-viscous fluids in absence of mass 
forces. No restrictions on compressibility and rotationality 
are necessary. 

1 J. Larmor. Rep. Brit. Assoc., 562-563 (1897). 
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J2. Response Time in Vacuum Gages. S. A. SCHAAF 
AND R. R. Cyr.—A typical system for measuring pressures 
in a rarefied gas consists of a vacuum gage connected to 
the gas by a length of tubing, usually with an orifice of 
diameter smaller than that of the tubing at the end. The 
interior surface of this system will outgas at a fairly con- 
stant rate for a long period of time so that an equilibrium 
state will be reached with a definite non-constant pressure 
distribution along the tubing. The response time constant 
for the system to come to equilibrium and the difference in 
pressure between gas and gage are functions of the out- 
gassing rate and the geometry of the system. An analysis 
is made assuming molecular flow and formulas are obtained 
for the response time and the pressure difference. It is 
shown that there is an optimum value of the tubing 
diameter for a given orifice diameter, gage volume and 
length of tubing. This optimum is rather critical; if the 
diameter is too small, response time constants of the order 
of hours may result. Experimental work has been done 
and the results compared with theory. This work was done 
under Office of Naval Research Contract. 


J3. Selection of Adiabatic Parameters in the Theory of 
Oscillation of Gas Globes from Underwater Explosions. 
A. B. Arons, Stevens Institute of Technology.—Three im- 
portant parameters appearing in the theory of gas globe 
oscillation! are y, the adiabatic exponent, k, the adiabatic 
energy constant, and E, the bubble energy per unit mass 
of the original explosive. These parameters cannot be 
calculated with sufficient accuracy from a@ priori considera- 
tions, but it is shown that if they are selected to fit three 
independent pieces of experimental evidence, the theory 
then fits the remaining experimental results and can thus 
be used to predict bubble pulse properties such as maximum 
radius, peak pressure, positive impulse, period, etc. over 
wide ranges of the independent variables. In this theory y 
and E are fitted to period data, and k to bubble pulse peak 
pressure data. The resulting values for TNT are found 
to be: y=1.25; E=490 cal/gm; k=0.0552Z,7—", where Zo 
is the absolute hydrostatic depth in feet. 

1B. Friedman, “Theory of underwater explosion bubbles.”’ Institute 


for Mathematics and M New York University. Report No. 
IMM-NYU 166. 


j4. Energy Partition in Underwater Explosion Phe- 
nomena.* D. R. YENNIE AND A. B. Arons, Stevens Institute 
of Technology.—A survey is made of existing knowledge 
with respect to the distribution of energy in underwater 
explosions. It is shown that approximately 40 percent of 
the initial energy is radiated in a series of pressure waves 
which, from the point of view of energy flux, can be treated 
as approximately acoustical in the range subject to experi- 
mental measurement. Approximately 20 percent of the 
initial energy is dissipated through irreversible processes 
associated with the propagation of the shock front. The 
acoustical energy measured in the bubble pulse pressure 
waves is found to be very much less than the total energy 
lost by the bubble during the same interval, as determined 
from period measurements. Finally, after the oscillations 
have effectively died down, it is found that approximately 
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10 percent of the energy has been expended in displacing 
the water to form a gas bubble. About 30 percent of the 
energy is unaccounted for, and no direct evidence as to 
the mechanism of the loss appears to be available. The 
values quoted apply specifically to TNT as the explosive. 
* The study u which these results are based was made at the 


Underwater losives Research Laboratory, Woods Hole Oceano- 
—— under contract with the Navy Department Bureau 
ce. 


JS. Relation between the Limiting Line Phenomenon 
and the K4érm4n Transonic Similarity Theory. W. PERL, 
Columbia University—K4rmaAn has recently given a small- 
perturbation treatment of compressible potential flows in 
the transonic speed range.! A verification of this theory in 
the lower transonic range (subsonic free stream), analogous 
to K4rmén’s verification' in the upper transonic range 
(supersonic free stream), is offered by the theoretical pres- 
sure distribution calculations of references 2 and 3. In 
references 2 and 3 the highest subsonic free stream Mach 
number M, at which a continuous potential flow exists for 
a Kaplan profile of thickness ratio r is found, for variable r, 
to satisfy the relation (1—M,)/r!=XK, where K approaches, 
for small +r, a constant limiting value of the order of 
magnitude one. The pressure coefficient at a fixed point on 
the profile is expressible as cp=rif(K). These relations 
agree with the Karm4n theory. The potential limit Mach 
number M, is identified in reference 3 as the lowest Mach 
number for the appearance of the limiting line phenomenon. 
The calculations of references 2 and 3 also offer a similar 
verification of the Karman theory under the condition of 
local Mach number unity at a fixed location on the profile. 
Finally, the small perturbation form of the method of 
reference 3 agrees in general with the K4rm4n similarity 
theory. 

1 Th. von K4rmAn, ‘Similarity law of transonic flow,” J. Math. and 
Phys. 26, 3 (1947). 

2 Carl Kaplan, “‘The flow of a compressible fluid past a curved sur- 
face.” NACA ARR 3K02 (1943). 


. Perl, “Calculation of compressible flows pe aerodynamic 
shapes by use of the streamline curvature,’"” NACA TN 1328 (1947). 


jJ6. The Solitary Wave and Periodic Waves in Shallow 
Water. Josera B. KELLER, New York Untiversity.—The 
equations for irrotational motion of an incompressible 
inviscid liquid with a free surface, over a rigid bottom and 
under the influence of gravity, are expressed in dimension- 
less form. The solution is expanded in powers of the ratio 
of the average depth to a typical horizontal dimension. 
It is found that the zero order terms in the expansions 
satisfy the equations of the non-linear shallow water theory, 
which were first obtained in this way by K. O. Friedrichs. 
For two dimensional motion over a horizontal bottom the 
only steady state solutions of these equations are the con- 
stant or piecewise constant, bore-like solutions. If the 
constant velocity is (g. depth)?, the first order terms yield 
a two parameter family of periodic steady solutions similar 
to those of Korteweg and DeVries. When the wave-length 
in these solutions is infinite, they reduce to a one parameter 
family of solitary waves, similar to those of Rayleigh and 
Boussinesq. The present solutions yield more information 
and are physically more reasonable than the former ones, 
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and have the added advantage of being obtained systemati. 
cally. The method of obtaining higher approximations ; 

perfectly definite, and the equations for the determinatio 
of the next approximation are given. j 


J7. Reflection and Transmission of Sound by a 

Shell. HERBERT B, KELLER AND JOsEPH B. KELLER, Ney 
York University.—A periodic point source in medium 1 js 
at the center of a spherical shell of medium 2 which is 
surrounded by medium 3. The densities, sound speeds and 
shell radii are arbitrary. For this case an exact, explicit 
expression for the sound pressure is obtained. If the shell 
radii become infinite but the thickness remains constant, 
and if media 1 and 3 are the same, the solution reduces tp 
that of Rayleigh for plane waves normally incident on 
flat plate. If the shell radii become infinite and if media ? 
and 3 are the same, the solution yields the acoustic Fresnel 
formulae for normal incidence of a plane wave on a Plane 
interface between two half-infinite media. For finite radii, 
with media 1 and 3 identical and the shell thickness small 
compared to a wave-length, a simpler form for the solution 
is obtained. This solution is found to agree with the 
approximate solution of H. Primakoff and J. B. Keller? for 
the sound fields reflected and transmitted by a thin shelf 
of any shape, when their result is specialized to the present 
case. 


1H. Primakoff and J. B. Keller, J. Acous. Soc. Am. 19, 820 (1947), 


J8. On the Resistance to Motion through Highly Rare- 
fied Gases. M. HEINEMAN,* Harvard University. (Intro. 
duced by R. Courant.)—A general formula is derived, 
valid at all Mach numbers M in the region of free molecule 
flow (infinite mean free path L), for the momentum per 
second due to impinging molecules on a convex body of 
any shape. In order to obtain the total force, the mo 
mentum per second of the reflected molecules must also be 
computed. This is done for the cases of specular reflection 
and of diffuse reflection with accommodation. Numerical 
tables of the drag coefficient Cp as a function of M have 
been worked out for both types of reflection for the follow- 
ing cases: an inclined plate, a sphere, a cylinder moving 
perpendicularly to its axis, a cone moving parallel to its 
axis, and an ellipsoid, to its major axis. It is indicated how 
the force might be calculated when the collisions between 
the reflected molecules and the rest of the gas are no longer 
negligible as in the case of free molecule flow. The method 
consists essentially in finding an expansion in terms of 
powers of 1/L, for the velocity distribution function of 
the non-uniform gas. 


* Now at New York University. 


J9. On Supersonic Flow Patterns. M. M. Munk, Naodl 


Ordnance Laboratory.—In plans, supersonic, two-dimen . 


sional potential flows of a barotropic fluid reducibility of 
the equation for the reciprocal Legendre potential in the 
hodograph to the simple wave equation is associated with 


the absence of curvature of the Mach lines in the physical — 


plane, and with tangency of the hodograph characteristics 
and the lines of constant direction of the conjugate charac 
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teristics. For perfect gases, this condition prevails at a 
Mach number given by M?=4/3—v7; equal to 2.5 for air. 
In the neighborhood of that Mach number, drawing of 
the Mach line net is particularly simple. The criterion for 
straightness of Mach lines for other barotropic fluids 
is stated, and the expansion curve for a hypothetical 
barotropic fluid is derived having straight Mach lines 


throughout. 


Ji0. On the Linearized Supersonic Flow through Ducts. 
ALEXANDER WEINSTEIN, Naval Ordnance Laboratory.—The 
paper gives an analysis of the flow due to the distribution 
of sources along a skeleton cylinder. The results are com- 
pared with the corrected Beltrami’s formulas for the flow 
of an incompressible fluid (cf. A. Weinstein, Bulletin 
American Mathematical Society 52, 240 (1946)), and with 
the computation of Mack, Ludloff and Weiche (Journal of 
Applied Physics 18, 681 (1947)). 


Jil. On the Differential Equations for Slip Flow.* C. 
TRUESDELL, Naval Ordnance Laboratory.—A fluid is de- 
fined as a continuum in which the dissipation function is a 
function of the following variables: a constant of dimension 
[mass ]/[length ][time ]; a constant of dimension [length F/ 
[time }#/[temperature]; the mean pressure; the thermo- 
dynamic pressure, the temperature, the extraneous force, 
and their gradients up to (say) pth order; and finally the 
velocity gradients. The dissipation function is expanded in 
a power series in the velocity gradients of which each term 
is a power series in the gradients of the thermodynamic 
state. In the resulting expressions for the stress tensor terms 
involving tensors of rank 4 in the velocity gradients, tensors 
of rank 3 in products of the velocity gradients and state 
gradients, and tensors of rank 2 in the state gradients are 
retained. Expressions are then obtained for the stresses in 
slip flow of a rarefied gas which include those derived from 
kinetic theory by Burnett, Chapman-Cowling and Scham- 
berg as a special case. The present derivation is based solely 
upon the principles of invariance, and therefore serves as a 
standard to which the results of a kinetic theory deriva- 
tion must conform. The fact that the above-mentioned 
kinetic theory derivation produces equations less general 
than those derived indicates that a number of special 
assumptions, of which the Stokes relation is one, lie hidden 
in the kinetic theory development. The mathematical 
nature and physical implications of these special assump- 
tions are discussed. 


* Supported by O.N.R. 

Ji2. On Methods of Deriving Three-Dimensional Gas 
Flow Patterns from Plane Flows. P. NEMENyI and R. Prim, 
Naval Ordnance Laboratory.—Two questions are investi- 
gated: (1) From a plane rotational or irrotational flow 
pattern how can a flow pattern be obtained, all three com- 
ponents of which are different from 0, but depend only 
upon two variables? This investigation is a generalization 
of that of Poritsky who solved the problem for the special 
case where the third component is uniform throughout the 
field. (2) From a plane irrotational flow pattern how can a 





rotational flow be constructed the velocity vector of which 
is everywhere parallel to a common plane but dependent 
on all three coordinates? The problem was solved for in- 
compressible fluids by Massotti. The present authors 
generalize Massotti’s analysis to compressible fluids and 
apply their result to the special case of flow in horizontal 
layers along a winding surface with straight horizontal 
elements. ; 


Ji3. Extension of Crocco’s Theorems to Flows Having 
Non-Uniform Stagnation Enthalpy. R. Prim, Naval Ord- 
nance Laboratory.—Crocco’s theorems relating the vorticity 
and pressure along streamlines of plane and of axially 
symmetric steady gas flows are generalized to include flows 
having non-uniform stagnation enthalpy by a reformula- 
tion in terms of the vorticity of the reduced velocity field. 
It is shown that Crocco’s stream-function equations for 
steady-plane and axially symmetric gas flows remain valid 
if the restriction to flows having a uniform stagnation 
enthalpy is removed. 


Ji4. Spark Shadowgrams of Spheres at Supersonic 
Speeds in Water.* J. Howarp McMILLEN anp R. L. 
KRAMER, Naval Ordnance Laboratory.—Spark shadowgrams 
have been taken of one-eighth inch steel spheres traveling 
through water at both transonic and supersonic speeds 
(above 5000 ft/sec). When a grid was placed between the 
sphere and the spark, the distortion of the grid shadow gave 
a qualitative picture of the pressure distribution around the 
sphere and in the region between the sphere and shock 
wave. At supersonic speeds, the usual concentration-of- 
light band which follows the absence-of-light band was 
replaced by a series of bands and fine lines covering an 
angular width of about 0.1 radian. By using masks to select 
beams from the spark, it was shown that these patterns 
were produced by rays passing near the shock-wave front. 
No simple optical explanation for these lines and bands, 
other than postulating certain pressure distributions within 
the shock wave, has been found. Spark shadowgrams were 
also obtained for fast -spheres (7000 ft/sec) in air at Mach 
number 6.7. These showed temperature fronts paralleling 
the wake with the low temperature region on the trajectory 
side. Excitation of molecular vibration levels is offered as a 
possible explanation of these fronts. 

* Supported by O.N.R. 


Ji5. Measurement of Velocity Loss of Shocks Traveling 
in a Shock Tube. R. J. Emricn, Lehigh University anp 
F. B. HARRISON, Princeton University.—The transits of a 
shock moving in a straight airfilled tube of 15-cm diameter 
past four stations have been measured within errors of less 
than +0.1 usec. For shocks whose velocities at 25°C vary 
from 355 to 435 m/sec, the losses in velocity over 2.5 meters 
vary from 0.05 to 0.2 percent; repeated measurements on 
shocks of equal strength show a variation in the velocity 
loss of about the same magnitude as the velocity loss itself. 
Calculations, using the Rankine-Hugoniot relations applied 
to a normal shock in a perfect gas and measured values'of 
sound velocity, indicate that for propagation into air of 70 
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percent relative humidity at 25°C shocks of strengths 
(p2—fr)/tr between 0.05 and 0.68 suffer decreases in shock 
strengths per meter of travel of about 0.5 percent. Of over 
100 shock velocities measured, none showed a decrease in 
shock strength of more than 1.2 percent per meter of travel. 
A knowledge of the amount of decrease permits calculation 
of conditions in the gas at some desired point in a shock 


tube from a velocity measurement made ahead of the point. — 


This work was supported by the U. S. Navy. 


Kl. Electrical Properties of Pure Silicon and Silicon 
Alloys. G. L. PEARSON AND J. BARDEEN, Bell Telephone 
Laboratories.—Electrical resistivity and Hall measurements 
have been made over the temperature range from 90°K to 
900°K on pure silicon and on silicon alloys containing 
0.0005 to 10.0 percent P-type impurity or N-type impurity. 
The resistivity curves in the intrinsic range indicate an 
energy level separation of 1.2-electron volts. In the transi- 
tion region between the intrinsic and impurity ranges the 
Hall curves flatten and indicate that one free electron (or 
hole) is furnished by each impurity atom. The mobility and 
mean free path of both electrons and holes have been 
calculated as a function of temperature and impurity con- 
tent. In the high temperature region where lattice scat- 
tering predominates the hole mobility is 5 x 10§7—! cm*/volt- 
sec. and the mean free path is 2 10~*7— cm. At any given 
temperature the ratio of electron to hole mobility is 2.9. At 
lower temperatures the impurity atoms contribute to scat- 
tering so that the mobility and mean free path reach a 
maximum and decrease with further decrease in tempera- 
ture as required by theory. In the impurity scattering 
region the mobility and mean free path are inverse func- 
tions of impurity content. 


K2. Temperature Dependence of Work Function of 
Semiconductors. A. H. Smirn* anp P. H. MILLER, Jr., 
University of Pennsyluania.—Samples of P-type and N-type 
silicon and of N-type germanium have been examined to 
determine the temperature dependence of the work func- 
tion of these semiconductors as they are heated to near 
intrinsic temperatures. High temperatures of the semicon- 
ductors were obtained by passing current directly through 
the sample, and observations were made as the sample 
cooled. The method of determining change in work function 
was to observe the current versus voltage curves of photo- 
electrons emitted from a tantalum surface and arriving at 
the semiconductor surface. This experiment indicated 
negligible change in work function of semiconductors at 
high temperatures from that at 200°C. These results are 
consistent with the hypothesis of surface energy states. 
This work was supported in part by the U. S. Navy. 

* Now at the University of Chicago. 


K3. Deuteron-Bombarded Semiconductors.* K. LarK- 
Horovitz, E. Bieuter, R. Davis, AND D. TENDAM, 
Purdue University —Pure germanium (resistivity of ~1 to 
5Q-cm) and P- and N-type germanium semiconductors 
have been bombarded with ~10-Mev deuterons. The 
resistivity ofthe pure samples decreases after bombard- 
ment. The resistivity of the P-type samples, measured both 
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as bulk resistivity and as spreading resistance, also de. 
creases. N-type samples show a tendency to a transforma. 
tion into P-type, and the resistance, measured as : 
resistance, increases. These effects, observed immedia 
after bombardment, remain after the radioactivity of the 
sample has disappeared. Rectification and Photo-effects 
change after bombardment with the change in sign of the 
carriers. From the measured radioactivity of the bom. 
barded sample, the deuteron current and the number of 
recoils in the sample calculated from Coulomb scatter; 
the effect of new impurity centers, trapped hydrogen atoms, 
and lattice defects produced by recoil can be estimated, 
* Assisted by Signal Corps and ONR contracts. 


K4. Photoelectric Effects and Their Relation to Rectif. 
cation at Metal-Semiconductor Contacts.* S. BEnzer, 
Purdue University—By illumination of a metal-semicon. 
ductor contact and observation of the photoelectric change 
in external current as a function of applied voltage, informa. 
tion may be obtained regarding the nature of the barrier 
layer. According to present rectification theories, a photo- 
current flowing in the high resistance direction is expected 
at zero applied voltage, the photo-current saturating as 
voltage is applied in this direction. In the low resistance 
direction, the photo-current, which in this case is opposite 
to the dark current (photo-negative effect), should decrease 
in magnitude, approaching zero as the applied voltage 
reaches the barrier height. In these experiments, millisecond 
pulses of light were focused on the contact, producing cur. 
rent pulses in a series resistor which were amplified and 
observed on an oscilloscope. The photo-current as a func. 
tion of bias was obtained in this manner for contacts of 
metal vs. various specimens of Ge and Si, and for contacts 
of the semiconductors vs. each other. While the results re. 
semble the theoretical expectations in some aspects, there 
are marked anomalies. A non-rectifying contact, for ex- 
ample, may show largé differences in photo-effect in the 
two directions. 


* This work was assisted by a Signal Corps contract. 


KS. Galvanomagnetic and Thermomagnetic Effects in 
Tellurium.! WAYNE SCANLON AND K. LarK-Horovim, 
Purdue University—The transverse Hall e.m.f. may be 
masked by other galvanomagnetic or thermomagnetic 
effects which also contribute to the measured e.m/. In 
tellurium, the transverse effects are unusually large and 
were found to alter significantly the true Hall effect. The 
longitudinal effects were also investigated but were found 
to be so small that they did not alter the measured Hall 
e.m.f. appreciably. The Nernst effect was found to pass 
through a maximum value at about 130°C and was negli- 
gibly small at temperature below 30°C and above 300°C. 
This effect was eliminated from the Hall effect data by 
averaging results with both direction of sample current 
The Ettingshausen effect in tellurium was found to pass 


through a maximum value at about 160°C, and decreased 
rapidly to zero on either side of the maximum. The sign 


the effect was positive throughout the region of tempera 
tures investigated. Since the thermo-electric power was 
found to be positive throughout this temperature range, the 
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Ettingshausen temperature difference produced an e.m.f. 
which was in the opposite direction to a positive Hall e.m.f. 
The maximum e.mf. resulting from the Ettingshausen 
effect occurred in the region of temperatures where the 
apparent Hall coefficient showed the anomalous double 
reversal of sign from positive to negative and back to 
positive again. Upon correcting the Hall data for the 
Ettingshausen effect, no reversal of sign was observed. 


1 This work was supported by a Signal Corps contract. 


K6. Theory of the Nernst and Ettingshausen Effects in 
Semiconductors at High Temperature.* V. A. JOHNSON 
anp K. Lark-Horovitz, Purdue University.—A large 
Ettingshausen effect exists in tellurium at high tempera- 
tures.' Earlier theories of galvanomagnetic and thermo- 
magnetic phenomena in semiconductors are valid only in 
the impurity temperature range, whereas the present 
theory considers both electrons and holes. The Nernst 
coefficient, Q’, is derived by calculating the transverse 
electric field, E, produced by thermal current flowing 
through a sample in a direction perpendicular to a magnetic 
field, H. The thermal current density, w, is evaluated under 
the assumption that there is no transverse temperature 
gradient, longitudinal electric field, nor transverse electric 
current. Q’=E/(wH). The Ettingshausen coefficient P is 
calculated from the thermodynamic relation P = Q’T and is 
expressed by quantities characteristic of the semiconductor: 


9 





er (mbit mabe) 


+e an) a) 


where o, «x are electrical and thermal conductivities, m 
number of electrons per cm’, 5; electronic mobility, uw: 
chemical potential for electrons, with subscript 2 pertaining 
to holes. The temperature behavior of P is in agreement 
with experiment. 


* This work assisted by a Signal Corps contract. 
1 See preceding abstract. 
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K7. Temperature-Pressure-Conductivity Relations in 
Semiconductors. F. C. Brown, Cambridge 39, Massg- 
chusetts.—Conductivity-temperature variations in semicon- 
ductors are interpreted as depending on number of electrons 
that have adequate thermal energy to enter conduction 
band against one or more field levels. The limited tempera- 
ture range in selenium permits observation of only one 
level. Silicon and germanium have two. In hexagonal silicon 
crystals between room temperature and 400°K variation of 
conductivity is due to varying number of electrons having 
energy greater than 0.23 volt. With minute electrode con- 
tact area this value may vary because of nature of surface 
state with unbalanced electric field. Between 500°K and 
1300°K the variation is largely due to the number of 


* electrons having energy greater than 0.8 volt. By increasing 


pressure the work function is lowered for both levels. By 
pressure only at electrodes the low value work function can 
be reduced practically to zero, while conductivity through 
crystal lattice remains unchanged. Light sensitiveness 
corresponds to temperature effect. Thus radiation produces 


change of conductivity because of temperature rise at 
electrode contacts surfaces, and proportional to con- 
ductivity temperature coefficient. The proportional conduc- 
tivity change by temperature (or radiation) is reduced by 
increased pressure, but within limits the absolute change of 
conductivity is increased by pressure. 


K8. Structure and Conductivity in the VI, Group of the 
Periodic System.* A. von HipPe., Massachusetts Institute 
of Technology.—In the sequence: oxygen, sulfur, selenium, 
tellurium, and polonium, a systematic change takes place 
from diatomic molecules, through ring and chain molecules, 
to a simple cubic lattice structure formed by atoms. This 
transition is paralleled by a modification in the electrical 
behavior from insulator (0, S), to }emiconductor (Se, Te,) 
to metal (Po). The paper is concerned with this progressive 
change in structure and conductivity and with the interrela- 
tion of the two phenomena. It discusses first the stability of 
ring and chain molecules, considers next schematically the 
electronic conductivity of Se from the standpoint of the 
band picture, and, finally, suggests an alternative approach 
which connects structure and conductivity by extending 
qualitatively the concept of quantum-mechanical resonance 
from molecular structures to lattice structures. 

* This work was supported by O.N.R. and the U. S. Signal Corps. 


K9. Frequency Spectrum of Noise in Crystal Rectifiers.* 
WILLIAM MILLER, University of Pennsylvania.—The noise 
power generated by crystal rectifiers is found to have a 1/f 
spectrum for 10?</<10* c.p.s.! A model has been investi- 
gated wherein noise represents a modulation of the crystal 
current by motion of impurity atoms in the semiconductor. 
The correlation function (hence the power spectrum) can be 
found by calculating probability after effects for the dis- 
tribution of impurity atoms in the semiconductor, and then 
relating each distribution to a value of noise current. If one 
assumes that the noise is generated only by the impurity 
atoms in a thin layer near the surface of the semiconductor, 
then the calculated power spectrum is more complicated 
than the observed 1/f law, giving a 1/(f)* dependence for 
f<K, and 1/f? for fx. (A=average jumping frequency of 
an impurity atom.) The case of many layers, each with its 
own modulating factor, has been solved, but the result 
contains too many parameters to be useful at present 
without further assumptions. 


* Assisted by the Office of Naval Research. 
1P. H. Miller, Jr., Proc. I.R.E. Waves and Electrons 35, 252 (1947). 


K10. Theory of the Luminescence of Ionic Phosphors. 
Ferp E, WILLiaMs,* General Electric Company.—The ionic 
radii of excited states of TIt and Mn** are computed ap- 
proximately and, recognizing that the ions of a crystal are 
relatively incompressible compared to the lattice, potential 
energy curves are constructed for the normal and excited 
states of these ions in the KCI and ZnF; lattices, re- 
spectively. Corrections are applied for the Madelung, ex- 
change repulsion, ion dipole, and van der Waals interac- 
tions. A single precise configuration coordinate, namely, the 
distance from the activator ion to the nearest neighbor, is 
used for all potential energy curves, but various assump- 
tions are made as to the behavior of the rest of the lattice 
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for different processes. To compute peak absorption and 
emission energies it is shown to be reasonable and to result 
in moderately good agreement with experiment to assume 
that the entire lattice expands freely to accommodate the 
activator in whatever state it exists, whereas to compute 
the activation energy for the competing radiationless 
recombination, it isassumed that the next nearest neighbors 
are held rigid. A new origin of electron traps is suggested. 
_ On the basis of the analysis several criteria for luminescence 
are cited, and several significant experiments are proposed. 


* Also Assistant Professor of Chemistry, University of North Caro- 
lina, Chapel Hill, North Carolina. 


Ol. Design Study for a 10-Bev Proton Synchrotron. 
M. STANLEY LivinGsToNn, Brookhaven National Laboratory.* 
—The threshold for the production of pairs of nucleons by 
protons is believed to be 5.6 Bev,! and a preliminary design 
figure of 10 Bev has been chosen for the Brookhaven 
Accelerator Project. Orbit radius required for 10-Bev 
protons at 15 kilogauss is 80 ft., and economy prescribes a 
ring magnet and synchrotron acceleration. At 4-Mev 
injection energy the frequency is 180 kilocycles; at 10 Bev 
it is 2.0 megacycles. Such low frequencies allow pulse 
techniques for injection and ejection. Allowing 1 sec. for 
acceleration, the average voltage per turn is 5500 volts. 
Aperture requirements due to ion oscillations suggest a 
magnet gap 4 ft. wide and 1 ft. long, with a doughnut vac- 
uum chamber between poles. The vacuum requirements to 
reduce gas scattering during acceleration are within prac- 
tical limits. A “‘C” magnet constructed of }-inch lamina- 
tions to reduce eddy current losses will have 5X10? joules 
stored energy; rotating machinery and flywheels can re- 
utilize stored energy and reduce power requirements. The 


frequency-modulated accelerating system may require . 


straight sections and a “‘racetrack"” magnet design. Model 
studies and component designs are in progress. 


* Research carried out under the auspices of the Atomic Energy 


Commission. 
1 Feshbach and Schiff, Phys. Rev. 72, 254 (1947). 


O02. Induction Accelerator for a Proton Synchrotron. 
Joun P. BLewett, Brookhaven National Laboratory.*—The 
radiofrequency accelerating system for the proposed 
Brookhaven proton synchrotron must supply an average 
5500 ev of energy per revolution to the ion beam, and must 
operate over the frequency range 180 kc to 2000 kc. 
Resonant structures of the sort used in electron synchrotrons 
would be very large and extremely difficult to tune over the 
frequency range. If operated untuned their impedance 
levels would be unreasonably low, calling for circulating 
currents of thousands of amperes. Higher impedance levels 
are attainable, however, in a “transformer” type of ac- 
celerating system. In one of the straight sections of a 
racetrack a ferromagnetic core surrounds the vacuum 
envelope. A winding on the core serves as primary, and the 
ion beam is the secondary. Reasonable impedance and 
power levels over the frequency range result from this 
procedure. The core will include several tons of laminated 
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or powdered ferromagnetic material. Appropriate Choices of 
dimensions and materials will be presented, and driy: 
circuits will be discussed. 


* Research carried out under th 
Gea under the auspices of the Atomic Ene 


03. Ion Orbit Control for a Proton Synchrotron, G K. 
GREEN, Brookhaven National Laboratory.*—The magnet 
guiding field of a proton synchrotron is shaped so as to 
provide stability in the vertical and radial betatron oscilla. 
tions. Superposed on these “free”’ oscillations are the slow 
synchrotron oscillations, in phase and radius. The ion orbit 
oscillations set a lower limit on the doughnut aperture ang 
consequently affect the magnet gap size and the 
cost. In order to minimize the amplitude of the oscillatj 
to prevent particle loss by striking the walls, the injection 
must be very precisely controlled—and then the accelerating 
radiofrequency and magnetic field must be Precisely 
synchronized. Three basic control methods are considered 
—programming, data computing, continuous control—of 
which a combination is indicated. Continuous control by 
means of pick-up electrodes can be applied to regulate the 
radiofrequency and to indicate the radial position of the 
beam. Computations indicate that stable control can be 
achieved. Various schemes will be tested in a 40-inch 
electron model, scaled to the proton velocities of a 10-Bey 
machine. 


* Research carried out under the auspices of the Atomic Energy 
Commission. 


O04. Magnetic Circuit for a Proton Synchrotron. Ww. H. 
Moore AND JOHN P. BLEwett, Brookhaven National Labo- 
ratory.*—Calculations have been made for a 10-Bev proton 
synchrotron magnet, considering both air core and iron 
core types. The air core magnet requires an unreasonably 
high stored energy and presents very difficult problems of 
mechanical support and fabrication. A new iron core 
magnet design uses shaping of the field coils to assist in 
maintaining the desired field configuration. The magnet is 
a poleless C structure open on the side farthest from the 
center. This will allow easy access for pumps and injection 
systems and will facilitate ejection of the accelerated pro- 
tons. The poleless structure is economical in its iron re- 
quirements, since the return path for the flux is kept toa 
minimum. Electrical and magnetic characteristics will be 
described. A six degree arc of the magnet will be modelled 
at } scale to confirm the conductor location and pole face 
shaping. 


* Research carried out under the auspices of the Atomic Energy 
Commission. 


OS. A Microwave Accelerator for Production of High 
Intensity Gamma-Rays. G. A. Korstap, H. L. ScHULT?, 
AnD C. G. MontGomeEry, Yale University.—Photo-nuclear 
disintegration experiments require intense monochromatic 
gamma-ray sources to bring the counts observed well above 
background. A microwave accelerator has been designed 
and is being built for this purpose. A coaxial re-entrant 
cavity of copper-plated steel has been designed to resonate 
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at 50 megacycles with a Q of 1.910‘ and a shunt resistance 
of 1.3 megohms. A 60-cycle a.c. resonance-charging spark- 
gap modulator forms pulses of 20 kilovolts and 250 
microseconds in length. This pulse power of 1 megawatt 
drives a tuned-plate, tuned-grid, parallel-line oscillator 
which uses two Machlett ML-880 tubes. The radiofre- 
quency pulses are magnetically coupled out of the oscillator 
and into the cavity through a coaxial line. The ions are to 
be formed by a source within the inner conductor and 
accelerated across a 1-inch gap by radiofrequency voltages 
of about 1.5 Mev. The short gap makes possible a high beam 
intensity, since focusing is unnecessary. The Li’(p, y) 2 Het 
reaction should yield a 17-Mev gamma-ray intensity of 
about 10* or 10° per second if 100 milliamperes average ion 
current can be obtained. A high current ion source is being 
constructed similar to the one described by Finklestein.' 


1A. T. Finklestein, Rev. Sci. Inst. 11, 94 (1940). 


06. Preliminary Studies of Operation of the Yale Linear 
Electron Accelerator.* H. L. Scuuttz, J. A. Lockwoop, 
R. L. McCartuy, AND P. J. Rice, Yale University.— 
Results of preliminary experiments using a single cavity 
resonator will be reported.! Electrons were injected at low 
energy into a seven inch long cylindrical cavity operating in 
the 7 Moo mode with peak r-f input power in excess of 500 
kw. Using a thin lens beta-ray spectrometer, the energy 
spectra of emergent electrons under varied conditions of 
excitation power and injection voltage have been measured. 
Special problems associated with r-f circuit design will be 
discussed. 


* Work assisted by the Office of Naval Research. 
1 Phys. Rev. 72, 346 (1947). 


07. The Clinton Pile Oscillator. J. I. Hoover, W. H. 
JoRDAN, C. D. Moak, L. A. Parpug,* H. PomMeRANce, J. 
STRONG,** AND E. O. WOLLAN, Clinton National Laboratory. 
—The pile oscillator is an instrument for measuring 
thermal neutron absorption cross sections. In the form used 
here, it consists of a small beryllium boat which is made to 
oscillate in the region of the graphite reflector of a pile, with 
an amplitude of about 15” and a frequency of about 1 cycle 
per second, At the middle of the stroke the boat passes 
along the axis of a cylindrical boron-coated ion chamber. 
The depression of the neutron flux in the vicinity of the 
absorber produces an alternating current in the ion chamber 
which is then amplified, rectified, and integrated. The 
absorption cross section of an unknown sample is de- 
termined by comparing the charge accumulated in the 
integrating circuit with that obtained by a standard gold 
absorber. The instrument will detect a total absorption 
cross section of about 10-* cm*. One of the major difficulties 
in making this instrument reliable for absorption measure- 
ments has been that of eliminating the effects of scattering 
by the sample. In the present instrument no correction for 
scattering is necessary when the absorption cross section is 
greater than 1 percent of the scattering cross section. 


* Now at the University of Kentucky, Lexington, Kentucky. 
** Now at University of California, Berkeley, California. 
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O8. Helical Focusing Beta-Ray Spectrograph. C. S. Wu, 
W. W. Havens, Jr., R. ALBERT, AND G. Grimm, Columbia 
University.—The solenoidal type beta-ray spectrograph of 
Columbia University has been re-installed for the investi- 
gation of beta-disintegration. Many components of this 
instrument have been redesigned in order to extend the 
study of the beta-spectra to very low energies. The counter 
used in connection with this work has an extremely thin 
collodion film, 0.14 thick, supported by a metal grid. To 
reduce the pressure difference on the thin window, the 
counter is filled with alcohol vapor only. The characteristics 
and efficiency of the counter vs. alcohol vapor pressure for 
electrons of various energies have been carefully investi- 
gated. In order to distinguish between electrons and 
positrons, a simple modified baffle system has been used 
and is found to transmit particles of one sign only, intro- 
ducing no detectable scattering. An electronic voltage 
regulator has been designed and built to regulate the 
current in the solenoid to within 0.3 percent of the fluctua- 
tions over a long period of time in the range from a few 
amperes to 600 amperes. 


O9. The Focusing in Crossed Fields of Charged Particles 
at Relativistic Energies.* Waiter E. Miuiett, Harvard 
University.—The focusing of charged particles in crossed 
cylindrical electric and uniform magnetic fields, as formu- 
lated by Henneberg,' has been extended to include rela- 
tivistic velocities. Where y equals the ratio of the electric 
to the centrifugal acceleration for the circular orbit r=ro, 
the focusing angle #=2/(1+ *(1— *))* which for fixed 
y#0 diverges from classical values (81) by significant 
amounts for energies above ten percent of the particles’ 
proper energy. The line width for a half-angle of divergence 
a@ is 


B=- 





ot 1+}y+y¥+3y'+ }y6*(2 —3y —79*) — Fy'8* 
. (1+ 91-6) } 

and the velocity dispersion 

7 2rol 1+ (1 — 6*)] 
(1—#)[1+9(1—6*)J 


For the achromatic case y= —1/1—£*. y has its usual values 
for the Wien, electric, and magnetic cases. 





* Assisted by the U. S. Navy. 
1W. Henneberg, Ann. d. Physik 19, 335 (1934). 


O10. Detection of Beta-Rays by Scintillations. Gzorce 
B. CoLLINs AND RosaLig C. Hoyt, University of Rochester. 
—The 1P21 photo-multiplier tube has been used in a 
manner similar to that described by Marshall and Coltman! 
to detect scintillations produced in various substances by 
beta-rays. The objective is a fast counter for low ionizing 
particles. A fast oscilloscope and amplifier with a resolving 
time of the order of 5 X 10~’ second was employed. BaSO,+5 
percent PbSO,, anthracene, naphthalene, and diphenyl, 
when bombarded with beta-rays from radium, produced 
pulses on the oscilloscope whose maximum height was 15 
to 7 times noise. The shapes of the individual pulses were 
observed on the oscilloscope by means of a triggered sweep 
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and a delay line. These shapes appeared to be fully ex- 
plained in terms of the response time of the electrical 
circuit. It thus appears that the light emitted by these 
substances, following excitation by a beta-particle, occurs 
in a time less than 5X 10~" second, except for possible long 
period fluorescence with r>5X10-* second which would 
not be observed. Under a-ray bombardment, ZnS and ZnO 
were found to decay in 5X10-* second. Great differences 
were observed in the relative responses of various substances 
to alpha- and beta-rays. This work was supported by the 
Office of Naval Research. 


1 Fitz-Hugh Marshall and J. W. Coltman, Phys. Rev. 72, 528 (1947). 


O11. Correlated Probabilities in Multiple Scattering.* 
W. T. Scott, Smith College anv H. S. SNyDER, Brookhaven 
National Laboratory.—We have used Fermi’s distribution 
function for the scattering-produced probability of a cer- 
tain lateral displacement, y, and a certain angular deflec- 
tion, 0, of a particle passing through a length, ¢, of the gas 
of a cloud chamber,' to calculate the distributions of several 
quantities, including the following: @ at point P when the 
particle is known to pass through points P and Q, or 
through P, Q, and R; y at #’ beyond Q for known passage 
through P and Q, and consequently the distribution in 
apparent curvature when observed at three points’; y at ¢’ 
beyond R for known passage through P, Q, and R; curva- 
ture C; of points Q, R, S for known C, of points P, Q, and R 
(S either between Q and R or beyond R); the ratio G/Ca 
(both G and C, variable, with S beyond R); the reduction 
in scattering error made by observing at 4 points (a factor 
(15/16))); the difference C,—C.. Results confirm and ex- 
tend those of Bethe.? We find the ratio of C-type curves to 
S-type to be 1.4. Calculations on an accurate inclusion of 
the Born-approximation scattering law will be reported. 

* This work was carried out at the Brookhaven National Laboratory 
under contract with the U. S. Atomic Energy Commissii 


ion. 
1 See B. Rossi and K. Greisen, Rev. Mod. Phys. 13, 267 (1941). 
*H. A. Bethe, Phys. Rev. 70, 821 (1946). 


Rl. Self-Diffusion of Sodium in Sodium Chloride.* 
Ditton MAPoTHER** AND ROBERT MAURER, Carnegie 
Institute of Technology —The self-diffusion coefficient of 
sodium in sodium chloride has been measured within the 
temperature interval of 350°C to 700°C. The diffusion 
coefficient may be represented by the equation 


D=D, exp(—¢/kT) 


for temperatures greater than 550°C. The values of the 
constants Dy and ¢ are 3.13 cm?/sec. and 1.80 ev. Below 
550°C the diffusion coefficient may be represented by the 
same equation, but the values of Dy and e are 1.610-° 
cm*/sec. and 0.77 ev. The diffusion coefficient was meas- 
ured by evaporating Na™ in the form of the chloride on a 
face of a single crystal of sodium chloride. After diffusion 
had proceeded for a known time at a known temperature 
the distribution of beta-activity within the crystal was 
determined. A comparison of measured diffusion coeffi- 
cients with coefficients calculated from electrolytic con- 
ductivity data will be presented. 


* This work was supported in part by the Office of Naval Research. 
** duPont Fellow in Physics. 


R2. Calculation of the Binding Energy of Sei. 
Electrons in Potassium Chloride. Kenneta &. Keyes, 
Carnegie Institute of Technology.—A calculation of the 
binding energy of Landau’s self-trapped electrons ; 
potassium chloride was made assuming that the « " 
tential hole” created by the distortion of the lattice ; 
V(r) = —(1/Ko—1/K)e*/r, where r>a, and 7 


V(r) = —(1/Ko—1/K)e/a= V.=Ve—YVr, 


when r <a, where Vx represents the potential- energy at the 
trapping center due to the surrounding dipoles, and VR, 
represents the potential energy at a positive ion surrounded 
by undisplaced dipoles. Vx and Vo were calculated ys} 
methods developed by Mott and Littleton.’ Since the ionic 
displacements depend on the average field of the trapped 
electron, we calculated a family of wave functions for a 
number of assumed values of V.. From each wave function 
a value of V. may be computed. Then a plot of the differ. 
ence of the initial and final values of V, versus the initial 
value of V, determines V, and therefore the binding energy, 
This binding energy turned out to be such that the ab. 
sorption band due to the self-trapped electrons would lie 
in the near infra-red. 

iN. F. Mott and M. J. Littleton, Trans, Faraday Soc. 34, 485 (1938), 


R3. Binding Energy for a Self-Trapped Electron jp 
NaCl.* J. J. MARKHAM, University of Pennsylvania ayy 
F. Seitz, Carnegie Institute of Technology.—A calculation 
(based on Born’s theory of ionic crystals) has been made of 
the binding energy of a self-trapped electron in NaCl. The 
potential well, caused by the ionic displacements, was 
assumed to be a sawed-off Coulomb field, the sides being 
given by (1/Ko—1/K)e/r, where the K’s are the dielectric 
constants. The depth of the well was calculated by the 
method of Mott and Littleton. Here, however, we requirea 
self-consistent solution, i.e., the initial wave function as- 
sumed to calculate the depth of the hole must be identical 
to the one obtained by the variational method. The electron 
is smeared over a sphere whose radius equals approximately 
three interatomic distances. The outer displacements are 
calculated by a semicontinuum theory while the dipole on 
the three nearest ions are calculated from the conditions of 
equilibrium. The optical dissociation energy is 0.68 ey, 
whereas the thermal energy is 0.13 ev. The second value 
presumably explains why self-trapping has not been ob- 
served to date. The above energy should be about 1.5 times 
larger in LiF. These results suggest that self-trapping 
should be sought for at very low temperatures. 


“* This work was supported in part by Navy contract with the Uni- 
versity of Pennsylvania. 


R4. Activation Energy for the Migration of Paired 
Vacancies in KCl. G. J. Dienes, Bakelite Corporation anp 
FREDERICK SEITZ, Carnegie Institute of Technology.—The 
experiments of Leivo, Estermann, and Stern, on the 
changes in darkening and in density of KCl under intense 
x-ray irradiation, show that vacancies diffuse into the ) 
lattice at room temperature at a rate which indicates that 
the activation energy for diffusion of the migrating | 
entities must be of the order of 0.5 ev or less. Since the | 
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activation energies for migration of isolated ion vacancies 
is considerably larger than this, it has been suggested by 
Huntington that the migrating units could be coupled 

irs of positive and negative ion vacancies which assist 
one another in a manner similar to that proposed by 
Johnson and Wagner for diffusion of a solute atom in 
substitutional alloys. In the present calculation the activa- 
tion energy for migration of a pair of vacancies is calculated 
on the basis of the Born theory of ionic crystals. The 
calculations resemble closely those carried out by Mott 
and Littleton on the formation and migration of single 
vacancies. It is found that the activation energy for migra- 
tion of the pair is about 0.38 ev. The calculation error is 
estimated at about 10 percent. It is possible, however, that 
the repulsive potentials employed in the calculation are in 
larger error than this. The theoretical calculations do not 
contradict the viewpoint that the vacancies migrate in the 


form of pairs. 


RS. Domain Structure and Electric Response of Barium 
Titanate Single Crystals.* B. T. Matruias AND A. VON 
Hipret, Massachusetts Institute of Technology.—BaTiOs 
single crystals have been grown and investigated micro- 
scopically, with x-ray diffraction and in their dielectric 
and piezoelectric response. It is possible to see directly the 
domains of the ferroelectric crystals and to change their 
number, size, and orientation. Wall displacements and the 
alignment of such domains, for which well-known indirect 
evidence exists in the case of ferromagnetics, have now 
been observed directly in both polarized and unpolarized 
light, and the influence of electric fields, temperature, and 
pressure have been studied. Untwinned crystals consisting 
of very few domains have been made, and their dielectric 
and piezoelectric response has been measured without and 
with biasing voltage. Conclusions can be drawn about the 
formation of the electric dipoles in the Ti-O, octahedra 
and about their mutual coupling. The crystals are not 
tetragonal below the Curie point. 


* This work was supported by O.N.R. and the U. S. Signal Corps. 


R6. Volume Electrostriction in Barium Titanate Ce- 
ramics. HANS JAFFE, The Brush Development Company.— 
The electrostrictive effects in barium titanate ceramics 
were studied by measuring the strain produced by strong 
alternating fields, and, conversely, the charge flowing onto 
a biased titanate plate when a stress was applied. It was 
found that barium titanate expands in the direction of 
the applied field and contracts in all directions at right 
angles to the applied field. The coefficient for the lateral 
contraction is about one-third of that for the parallel 
expansion. The volume change is given by the parallel 
expansion minus twice the lateral contraction. In case of an 
electric signal applied parallel to a bias d.c. field or a pre- 
polarizing field previously applied,* there is a linear term 
in the relation between volume change and applied signal; 
correspondingly, a piezoelectric effect is observed if a 
hydrostatic pressure is applied to biased or prepolarized 
material. This piezoelectric effect is easily observed on 
titanate bodies immersed in oil subjected to alternating 
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pressure, and serves conveniently as an indication of the 
piezoelectric activity of titanate ceramics in various states 
of previous electric treatment. A typical value for the hy- 
drostatic piezoelectric constant, ds, of prepolarized barium 
titanate is 50-10 coulomb/newton. 


*S. Roberts, Phys. Rev. 71, 890 (1947). 


R7. On the Anomalous Dielectric Behavior of BaTiO, 
Near 0°K. J. M. RicHarpson, Bell Telephone Laboratories. 
—The dielectric constant « of BaTiO; has been measured 
by B. Wul! down to about 2°K. The temperature coefficient 
de/dT remains more or less constant as the temperature is 
dropped from, say, 100°K down to about 5°K, below which 
it begins to approach zero as required by the third law. 
On the basis of e~100(7~0°K) and reasonable assump- 
tions about the effective charges and masses associated with 
the important normal modes in the polarization process, 
one estimates that the acoustical branches and some of 
the low frequency optical branches of the frequency spec- 
trum will possess characteristic frequencies, at least one 
of which corresponds to a characteristic temperature 
@(=kT/v) of about 10°K. A theory of de/dT similar to 
Born's? theory of pyroelectricity shows the decrease be- 
coming pronounced at T7~}9. 


1B. Wul, J. Phys. 10, 64 (1945). 
2M. Born, Rev. Mod. Phys. 17, 245 (1945). 


R8. Breakdown Directions in Lithium Halide Crystals. 
J. W. Davisson, Massachusetts Institute of Technology.— 
Electrical breakdown paths in lithium halide crystals form 
star patterns which consist of 12 paths of the type [xxy] 
where x2 y. The paths lie within those acute sectors of 
the (110) planes bounded by the directions [110] and 
[111]. The star assumes the [110] orientation at low and 
tends to approach [111] with increasing temperature. 
Complex [xxy] patterns showing radical changes in orienta- 
tion of the paths as they proceed through the crystal, but 
following a definite sequence of directions, are obtained 
under excess voltage conditions. Although the breakdown 
paths apparently mark those directions for which electrons 
can be most rapidly accelerated by the applied field to 
the ionization potential of the lattice, it is shown that the 
star paths do not follow simply from an electron wave 
interaction with the lattice or from a statistical competition 
between the [110] and [111] directions. 


* This work was supported by O.N.R. and the U. S. Signa! Corps. 


R9. Low Frequency Dispersion in Ionic Crystals.* R. G. 
BRECKENRIDGE, Massachusetts Institute of Technology.— 
A new region of anomalous electrical response has been 
observed at low frequencies in ionic crystals that have 
been treated to introduce relatively large numbers of 
lattice defects. The crystals thus far studied include various 
alkali halides and silver chloride. The effect is attributed to 
a jumping of the positive ions to vacant lattice sites under 
the influence of the applied field. This jumping is observed 
as an anomalous dispersion, producing a change in the 
dielectric constant which is small and frequently within 
the limits of error of measurement, and an associated peak 
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in the dielectric loss tangent which is readily measurable. 
This maximum of tané has been studied both as a function 
of frequency at a fixed temperature and as a function of 
temperature at fixed frequency. From the magnitude of 
the peak and position on the frequency or temperature 
scales it is possible to calculate the number of lattice 
defects present in the sample and the activation energy 
for diffusion U of the positive ion in the crystal. A knowl- 
edge of U allows a separation of the activation energy for 
conduction, (W/2)+U, into its components, thus deter- 
mining W/2, the activation energy for hole formation. 


* This work was supported by O.N.R. and the U. S. Signal Corps. 


R10. Some Characteristics of Bridges and Arcs between 
Separating Metallic Contacts. G. F. Hutt, Jr. anp H. 
SALTZMAN, Dartmouth College.*—When metallic contacts 
carrying a current are separated, the contact may be 
bridged by a very small globule of metal, following which 
an arc may be formed. From cathode-ray oscillograms of 
the voltage across separating contacts, minimal length 
arc characteristics for gold and for platinum have been 
obtained, which lie between those found by Ives and Fink.! 
For currents and voltages below the minimal length arc 
characteristics metallic bridges are drawn out between 
the separating contacts. Oscillograms of these bridges show 
a rise in voltage to 0.42 volt, followed by a second rise to 
0.9 volt for gold,,and for platinum a rise to 0.65 volt and 
then to 1.44 volt. These voltages correspond to within 
1 percent of the melting and boiling temperatures of gold 
and platinum, respectively, as given by contact theory.’ 
These oscillograms also show evidence for the existence of 
transient arcs below the minimal length arc characteristics. 
Examination of all the oscillograms which contain arcs 
(about 800 in all) shows that an arc is always preceded by 
the formation of a metallic bridge. This suggests that the 
initial metallic vapor for the arc discharge is formed by 


the evaporation of a bridge. 

* Assisted by the Office of Naval Research. 

1H. E., Ives, J. Frank. Inst. 198, 437 (1924). H. P. Fink, Wiss. Verdff. 
a.d. Siemens-Werk 17, 45 (1938). 


(as 5 Holm and E. Holm, Wiss. Veréff. a.d. Siemens-Werk 7, 217 


R11. Anomalous Plastic Deformation in Brass and 
Aluminum. ANDREw W. McReEyno_ps, University of Chi- 
cago.—The curve for stress vs. strain in solids is usually 
found smooth, with slope constant in the elastic range and 
uniformly decreasing in the plastic range. Such deformation 
is explained as the sum of a large number of small inde- 
pendent slips. Measurements on 70-30 copper-zinc and 2S 
aluminum, made at room temperature and slow constant 
loading rate, show that deformation proceeds in steps of 
rapid flow followed by only elastic strain. Height and 
length of steps are approximately uniform, 270 p.s.i. and 
0.0005 strain, respectively, in aluminum, and are inde- 
pendent of rate of loading over a wide range. The phe- 
nomenon is dependent on temperature and has been found 
not to occur in 2S aluminum below — 50°C, nor in tests on 
copper, cadmium, and 99.99 percent aluminum at 20°C. 
Further tests indicate that the horizontal portions of the 
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steps occur as the propagation of a wave of deformation 
through the stressed regions, and thus represent a 

tive effect between grains rather than the sum of inde. 
pendent slips. Consequent hardening of the entire lattice 
prevents plastic flow until arrival of another waye and 
results in the vertical portions. . 


R12. The Photoelastic Constants of Cubic 

E. BurstTEIn, P. L. Smit, AND B. HENvis, Naval Research 
Laboratory.—The stress-optic constants, Ij;, of a number 
of alkali halides, MgO and TICI, were determined by a 
combination of static' and ultrasonic diffraction measure. 
ments.? The latter was also employed to obtain the elastic 
constants of TICI. The strain-optic constants, ;;, were 
then calculated from II;; and the elastic constants, s4;, 
Previous photoelastic data have only been completely 
reported for NaCl, KCI, CaF2, and diamond. The results 
will be discussed in terms of Mueller’s theory of the photo. 
elastic effect of cubic crystals.* The theory, however 
requires a knowledge of the ionic oscillator strengths and 
the change in ionic polarizability with strain. Since such 
information is not available, the results can only be com- 
pared qualitatively with the predictions of the theory, 
Preliminary results on a number of other cubic crystals 
will also be reported. 


1K. Banerjee, Ind. J. Phys. 2, 195 (1927). 
2H. Mueller, Zeits. f. Krist. (a) 99, 122 (1938). 
+H. Mueller, Phys. Rev. 47, 947 (1935). 


R13. Further Studies of the Rupture of Metal Foils, 
WALLER GEorGE, Naval Research Laboratory.—The mecha- 
nism of the rupture of notched metal foils under constant 
tensile load has been reviewed previously.' Generally, the 
process consists of the slow elongation of the notch normal 
to the direction of the applied tensile load until a critical 
length is reached. At this point the crack velocity increases 
rapidly. The critical length is shown to be influenced by 
certain grip designs. Rigid gripping systems minimize these 
head-controlled instabilities. The effect of a threefold 
change in scale of the areal dimensions of the system is 
reported, using rigid grips with the specimen and head 
thicknesses being kept constant. The areal size effects 
obtained are compared with volume size effects found in 
slow bend tests by workers at the University of Nort! 
Carolina,? in terms of the work required per unit extension 
of the fracture. 


1W. George and G. Irwin, Bull. Am. Phys. Soc. 1947 (Chicago 


=r ‘ 
2P, Shearin, Proc. Bristol Conference, May 1947 (to be published 
Proc. Phys. Soc.). 


R14. Application of the Method of Least Squares to 
X-Ray Crystal Structure Analysis.* W. J. Taytor, The 
Ohio State University—The method of least squares has 
been applied to the refinement of atomic coordinates in 
x-ray crystal structure analysis by Hughes,! who, however, 
proceeded by numerical methods. In the present study the 
normal equations of least squares theoty are obtained in 
an analytical form suitable for crystal structure analysis. 
The special equations applicable to the translation of 
rotation of a molecule or group of atoms as a rigid unit 
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within the unit cell are derived. The method of least squares 

"is compared with the method of steepest descents recently 
proposed by Booth.? It is shown that the least squares 
method is of general applicability, not only for the refine- 
ment of atomic coordinates in the final stages of the 
analysis, but also to at least some extent as a substitute 
for the trial-and-error method in the initial stages of the 
analysis. 

* Supported by the Office of Naval Researc 


h. 
” Hughes, J. Am. Chem. Soc. 63, 1737 (1941). 
+ D. Booth, j. Chem. Phys. 15, 415 (1947). 


R15. The Two Ways of Aging. Hersert M. Meyer, 
Newark, New Jersey.—For twenty-five years the question 
has not yet been answered as to whether age-hardening is 
caused by a single, continuous phenomenon (precipitation 
of the secondary phase) or by two phenomena (distortion 
within the matrix at lower aging temperatures, and pre- 
cipitation at higher temperatures). Merica advanced first 
the hypothesis of “‘critical dispersion” of secondary CuAl 
particles; Fraenkel suggested “cold and warm aging;” 
Honda assumed distortion of the solid solution (by means 
of an interlocked, strained structure) previous to pre- 
cipitation. Two trends have developed so far: in Europe 
the writer and others confirmed Honda’s hypothesis. 
Preston and Guinier detected with new x-ray methods 
minute inhomogenities forming upon preferential planes 
within the matrix, and at higher aging temperatures a 
local superlattice was observed before the metastable 
transition structure appears. This structure as well as the 
connection between the Widmanstaetten figures and pre- 
cipitation upon preferential lattice planes were studied by 
Fink, Mehl and others in this country. Here the main 
school of thought returned to Merica’s original “simple 
hypothesis,” after microscopic particles had been observed 
at early aging stages; but these particles are not real 
(Gayler). Aging actually develops along two distinct ways 
according to temperatures applied, and both ways even- 
tually may lead to precipitation. 


$1. Distribution of He* Between Liquid and Vapor He‘.* 
Henry A. FAIRBANK AND C,. T. Lang, Yale University, 
AND L. T. ALDRICH AND ALFRED O. NIER, University of 
Minnesota.—The relative abundances of He? in the liquid 
and vapor phases of atmospheric helium have been 
studied as a function of temperature above and below the 
A-point. The relative abundance of He*/He* in the vapor 
(C.) was determined by means of the mass spectrograph 
and the corresponding quantity for the liquid (Cz) com- 
puted from C, and the mass balance and composition 
balance equations. From 5.2°K to the A-point the ratio 
C./Cy increases as the temperature decreases, whereas 
below the A-point this ratio sharply decreases to zero, 
showing that the vapor in equilibrium with superfluid 
helium contains no measurable amount of He*. On the 
basis of these results a simple method of concentrating 
He? is suggested. 

* The work at Yale University was assisted by the Office of Naval 


Research and that at the University of Minnesota by grants from the 
Research Corporation and the Graduate School. 
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S2. Experiments on the Isotopic Properties of Helium 
in the Liquid Phase.* J. G. Daunt, R. E. Prosst, AnD 
H. L. Jounston, Ohio State University Experiments have 
been carried out on the process of filtration+* of the rare 
isotope He* by superfluid flow through supra-surface films 
in contact with liquid helium II, using varying initial con- 
centrations. Such films have been made to form semi- 
permeable membranes between two reservoirs of liquid 
helium II, permitting a flow of the He‘ isotope only (and 
allowing the formation of an osmotic pressure). The experi- 
mental arrangements employed and the preliminary results 
obtained will be described. 


ak work was assisted by a contract with the Office of Naval 


esearch. 

1J. G. Daunt, R. E. Probst, H. L. Johnston, L. T. Aldrich and A. O. 
Nier, Phys. Rev. 72, 502 (1947). 
mish R. E. Probst, and H. L. Johnston, J. Chem. Phys. 15, 


S3. Countercurrent Gaseous Exchange Method for the 
Enrichment of Isotopes. R. B. BERNSTEIN AND T. I. 
TayLor, Columbia University.—A method is described for 
the enrichment of isotopes by countercurrent gaseous ex- 
change in a thermal diffusion column. The theory is de- 
rived for two cases of interest: diffusion limited and reac- 
tion-rate limited. Solutions of the equations are presented 
for the over-all separation at the steady state as a function 
of the following: single stage enrichment factor a; diffu- 
sion constant D or exchange rate constant k; length of 
column Z; and the convective flow L which in turn de- 
pends upon pressure, temperature, column dimensions, etc. 
The results may be expressed in the usual form S=e”. 
For the diffusion limited case N=42rDcZ/L and for the 
reaction rate limited case N=kAjcZ/L where c=moles of 
gas per cc and A,=cross-sectional area of hot gas stream. 
The latter simplifies to the result that athe number of 
theoretical plates per unit length is given by N/Z=k/v 
where v is the convective velocity. Experiments are de- 
scribed in which C' was concentrated by the exchange 
reaction C“0;+C*O0 =C0,+C#0. The observed depend- 
ence of the over-all separation upon the operational 
variables is consistent with the theory. 


S4. Thermal Diffusion with Neon. F. K. Eiper, Jr.,* 
Yale University—A two-stage, Clusius-Dickel hot wire 
thermal diffusion apparatus of six-meter length was de- 
signed and constructed for separation of neon isotopes. 
Discontinuous operation for a period of eight days produced 
300 cc enriched in the heavier isotopes, and 1300 cc enriched 
in the lighter isotope (both volumes at two-thirds of an 
atmosphere pressure). Three liters (NTP) of spectro- 
scopically pure neon were used, having as the initial relative 
concentration of neon 20, 21, and 22:90.4 percent, 0.30 
percent, and 9.27 percent, respectively. The final concen- 
trations, given in the same order, were 56.4 percent, 0.80 
percent, and 42.8 percent, at the heavy end; and 99.3 
percent, 0.15 percent, and 0.51 percent, at the light end. 
The separation factor for neon 22:20 reached its maximum 
value of about 150 in 72 hours and maintained that value 
until the apparatus was shut down 115 hours later. The 
results on neon 21 concentration are somewhat inexact, 
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because of the small quantities of this isotope involved, but 
the indicated equilibrium separation factor for neon 21:20 
is a little over nine, reached in approximately the same 
time as that for neon 22:20. 

* Now at the University of Pennsylvania. 


SS. Theory of Isotope Separation in Geological Proc- 
esses. W. H. Furry, Harvard University.—Isotope separa- 
tion may occur in geological processes either because of 
differences in diffusion rates or because of differences in 
chemical equilibria. Both the fraction of the material 
affected and the changes in concentration produced must be 
small compared with results obtained in artificial processes 
of separation because of the absence of counterflow. Ap- 
preciable effects may be produced, however, on account of 
the very long times involved. Measurement of these effects 
could perhaps be useful as one source of evidence about the 
conditions which prevailed during certain geological proc- 
esses. In some idealized cases the differential equations 
describing such effects possess simple solutions which show 
the dependence of the separation on the time and on 
quantities such as diffusion coefficient and rate of flow. 


S6. Critical Fields of Superconducting Vanadium. Ros- 
ERT T. WEBBER AND J. M. REYNOLDs, Yale University.*— 
The transitions into superconductivity and the critical 
fields have been investigated in two spheroidal globules of 
vanadium about }”’ in diameter and of about 99.7 percent 
purity. An induction method was used in which a weak 
alternating magnetic field was superimposed on steady 
magnetic fields of intensities up to 9000 gauss. The e.m.f, 
generated in a small secondary coil wound around the 
specimens was amplified and continuously recorded. The 
transitions in the absences of the constant field were very 
broad, extending from approximately 4.2 to 3.5°K, and 
slightly lower than those reported by Meissner and 
Westerhoff.! The steady magnetic fields necessary to quench 
the superconductivity were very intense, increasing by 
about 5000 gauss per degree K below the beginning of the 
transition. The amount of shielding in the secondary agreed 
approximately with calculations, although hysteresis effects 
were observed and a preliminary measurement of the field 
distortion using a fine bismuth strip indicated little Meissner 
effect and some frozen in moment. A check on the alter- 
nating field induction method using a small sample of tin 
gave results in excellent agreement with the results of 
de Haas and Engelkes.? 


* Assisted by the Office of Naval Research. 
IW. Meissner and H. Westerhoff, Zeits. f. Physik 87, 206 (1933). 
°W. J. de Haas and A. D. Engelkes, Physica 4, 325 (1937). 


Ul. The Al(an) and Si(dn) Neutron Spectra. R. A. 
PEcK, JRr., Yale University.*—A thin silicon target has been 
bombarded with 3.7 Mev deuterons, and a thick aluminum 
target with 7.6 Mev alpha-particles. In each case, the 
neutrons evolved have been studied and their energy 
distribution plotted following a conventional microphoto- 
graphic method. The silicon spectrum was partly analyzable 
into the constituent isotopic reactions (target nuclei of 
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masses 28, 29, 30). It.has yielded mass values for P%® Size 


Si®, and three nuclear excitation levels of P*, The alumi.’ 


num reaction, involving a single isotope target element, has 
provided a value for the mass of P® and one level, 


* This work was assisted by the Office of Naval Research, 


U2. Neutron Diffusion in Hydrogenous Media.* C. W 
TiTTLEt AND CLARK GoopMAN, Massachusetts Institute of 
Technology.—Knowledge of the spatial distribution of 
neutrons in hydrogenous media is important in the design 
of radiation shields. Heterogeneous mixtures of Bi+H,0 
Pb+H,0 and Fe+H,0 have been studied by Munn and 
Pontecorvo.' Before extending this work, a comparison has 
been made between homogeneous and heterogeneous mix. 
tures of carbon, hydrogen, and oxygen having the same 
C:H:O ratios per unit volume. Source: 150 mg Ra—a—Be; 
homogeneous mixture: furfural, CsH.O2; heterogeneous 
mixture: Acheson graphite and water. Intensities of 
thermal and indium resonance neutrons were measured to 
distances of 54 cm and 30 cm, respectively, from the source 
using In and Cd—In—Cd foils. A checkerboard lattice 
consisting of rods of graphite (1.92 cm X1.92 cm) spaced 
0.77 cm apart in water, when corrected for minor differ. 
ences in atomic concentrations, gave distributions equiva- 
lent to the homogeneous mixture beyond 12-20 cm (12, 
indium resonance; 20, thermal). Slabs of graphite 1.92 cm 
thick spaced 1.83 cm under equivalent conditions gave the 
same distributions beyond 14-24 cm. At 4 cm the intensity 
ratios for thermal neutrons were 1.00:0.91:0.81:fur- 
fural : checkerboard: slab. 

* This work was supported in by the Office of Naval Research. 


t Gulf Oil bende og Fellow in Physics. 
1 Munn and Pontecorvo, Can. J. Research 25A, 157-167 (1947). 


U3. Transmission of Monoenergetic Slow Neutrons 
Through Solid Solutions and Mechanical Mixtures of 
TiC and WC. S.S. SipHu, Argonne National Laboratory— 

, TiC and WC form continuous substitutional solid solutions 
at least up to 25 percent TiC+75 percent WC by weight 
when heated to 4000°F, TiC being the solvent and WC the 
solute. Total neutron scattering cross sections of a series of 
finely powdered solid solutions and corresponding me- 
chanical mixtures of the two carbides were determined asa 
function of the mole percent of WC from the measured 
transmission of monoenergetic neutrons with energies 
0.08138, 0.03479, 0.02056, and 0.01526 ev or wave-lengths 
A=1.004A, A=1.536A, A=1.998A, and A=2.319A, re- 
spectively. The cross sections of both the solutions and the 
mixtures increase with increasing mole percent of WC. For 
mixtures they are the same as the additive cross sections, 
each constituent scattering independently of the other. 
They are analogous to x-ray scattering from the mixtures in 
which each constituent gives its own diffraction pattern, 
and the patterns of the two constituents are superimposed. 
The neutron cross sections of solid solutions are lower than 
those of the mixtures at low percentages of WC but in- 
crease rapidly with the concentration of the solute mole- 
cules, They appear to be sensitive both to the structure of 
the solvent and the concentration of the substituting atoms. 
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U4. Laue Photography of Neutron Diffraction. C. G. 
SHULL, M. C. MARNEY AND E. O. WOLLAN, Clinton National 
Laboratory.—Using a collimated beam of thermal neutrons 
from the Clinton pile, it has been possible to photograph 
the Laue pattern produced by neutron diffraction in single 
crystals. The photography was accomplished with x-ray 
film placed next to a sheet of indium foil. Neutron capture 
in the indium foil produced beta-particle emission with 
resultant blackening of the x-ray film at the Laue spot 
positions. Typical Laue photographs will be shown and the 
sensitivity of the present method will be compared to the 
usual x-ray technique. 


US. Slow Neutron Velocity Spectrometer Studies of 
Fe, Ni, and Cu. L. J. Ratnwater, W. W. Havens, Jr. 
anp C. S. Wu, Columbia University.—According to a recent 
theory of Feshbach, Peaslee, and Weisskopf' the slow 
neutron scattering cross section of elements should be 
Ceatt~4R? when the neutron energy is not near (relative 
to the level spacing) that of a resonance. This was shown to 
apply for most elements! with the particular exceptions of 
Fe, Ni, and Cu which have unusually large scattering cross 
section in the thermal region. On the basis of this theory" 
large scattering cross sections are observed for energies just 
above resonance energies, so there should be virtual levels 
spaced near to zero energy (relative to the level spacing). 
The scattering cross section should then decrease with 
neutron energy in a well defined manner related to the level 
spacing and the position of the virtual level. For Fe 
the cross section below 300 ev is well matched by 
o=(11.0+0.35E-+) neglecting low energy crystal inter- 
ference effects. Below 60 ev the Ni cross section is well 
matched by o=(17.0+0.77E-*) and a resonance is ob- 
served near 100 ev. Below 20 ev the Cu cross section is well 
matched by «= (7.8+-0.54E-+). The cross sections decrease 
at higher energies. 

1 Feshbach, Peaslee, Weisskopf, Phys. Rev. 71, 145 (1947). 


U6. Slow Neutron Velocity Spectrometer Studies: Crys- 
tal Interference and Molecular Binding Effects at Low 
Energies. W. W. HAveEns, JR., L. J. RAINWATER, AND 
C. S. Wu, Columbia University—The slow neutron cross 
section of H in paraffin changes from about (20.6+1) above 
1 ev to ~76 at 0.005 ev showing the effective increase in the 
(n, p) reduced mass caused by chemical binding. Below 0.05 
ev the results are in good agreement with Bethe’s theoretical 
curve.! The cross section of DO increases from 10.5 above 
1 ev to ~20 at 0.005 ev caused by reduced mass binding 
effects. The cross section is in fair agreement with 
(10+0.72E~+) over the region studied. Optical crystals of 
quartz and calcite were studied to determine the degree of 
transparency at low energies, the value of the additive cross 
section at higher energies, and the shape of the curves in the 
transition region. The SiO: cross section is nearly constant 
at 9.0 above 0.57 ev and at 1.25 below 0.01 ev with a mid- 
value of 5.0 at 0.1 ev. Similarly, the CaCOs cross section is 
nearly constant at 19.8 above 0.9 ev and at 3.5 below 0.009 
ev with a mid-value of 11 at 0.08 ev. Other results will be 
shown. 


1 Bethe, Rev. Mod. Phys. 59, 127 (1937). 


U7. Slow Neutron Cross Sections of Oxygen, Nitrogen, 
Argon, and the Proton in Methane, Ethane, n-Butane, 
Ethylene, and 1,3 Butadiene, as Measured with a Neutron 
Beam Spectrometer.. EpwarpD MELKONIAN, Columbia 
University.—The samples were in the gaseous phase. The 
theoretical interpretation of the scattering of neutrons by 
O: molecules must include magnetic scattering.* The free 
oxygen atom cross section was found to be 3.68 X 10-™ cm?. 
In the thermal region, the Nz and A cross sections can be 
represented by: 


N:: [9.60+0.48£4]x 10 cm? per atom 
A: [0.640+0.123E-4]x10™ cm? per atom 


where E is the neutron energy in ev. The proton cross 
section between 2.5 and 15 ev neutron energy was found to 
be essentially constant, and the average of all results gave 
as the free proton cross section 19.96+0.2 x 10-™ cm* per 
proton. Above 15 ev the resolution width used caused an 
appreciable effect by fast neutrons. Below 2.5 ev chemical 
binding effects became important, and all the curves 
differed, showing the effect of binding in different molecules. 

1 Rainwater, Havens, Wu, and Dunning, Phys. Rev. 71, 65 (1947). 

* Halpern, Phys. Rev. 72, 746 (1947). 

U8. Thermal Neutron Absorption Cross Sections of 
Separated Isotopes. H. PoMERANCE AND J. I. Hoover, 
Clinton National Laboratory.—The thermal neutron ab- 
sorption cross sections of small samples of enriched isotopes 
have been measured in the Clinton pile oscillator. Some of 
the values (in barns) to be reported are as follows: 








Agi? Agi? Ni8® Ni® Fe Fe Fe? 
30.0 83.7 4.3 2.7 2.1 3.1 0.5 








Normal isotopic mixtures of these metals were run in con- 
junction with the measurements on the separated isotopes 
as a check on the consistency of the results. Preliminary 
data on Mo indicate that about 80 percent of its cross 
section is due to Mo. The values given above were ob- 
tained by comparing the unknown sample with a gold 
sample, for which a ¢, of 95 barns was assumed. Corrections 
for the isotopic impurities were made where possible. The 
separated isotopes were supplied by the Y-12 Isotope De- 
velopment Department under the supervision of C. P. 
Keim. We wish to acknowledge our indebtedness to this 


group. 


U9. Cross Section Measurements Using Fast Con- 
tinuous Energy Neutrons. V. L. ParseGIAN,* L. V. Trrone, 
AND C. W. VAN DER MERweE, New York University.—The 
total cross section ¢;(Z) of a scatterer for fast neutrons is 
usually determined by transmission measurements, using a 
series of “‘monoenergetic” neutron beams. In the absence of 
suitable neutron sources a method is proposed by which 
o,(Z) may be determined using continuous energy neutrons, 
such as from Ra—Be mixtures. It has been shown by 
Baldinger, Huber and Staub that the energy distribution 
S(E) of a neutron beam may be determined by measuring 
the number-energy distribution H(Z) of nuclear recoils 
occurring in an ionization chamber. According to the pro- 
posed method for determining o;(Z), it is shown that 




































if the recoil distribution is determined with and with- 
out an intercepting scatterer, the relation exp(—no;(E)x) 
=[dH(E)/dE]/[(dHo(E)/dE] holds, in which dH(E)/dE 
and dH,(E£)/dE are the slopes of the recoil distributions at 
neutron energy E, for the distributions obtained with and 
without the scatterer, respectively (m is the atoms per cm’ 
and x the length of scatterer). ¢;(Z) may then be obtained 
from the ratio of slopes of the two distributions over the 
entire range of the neutron source. The method offers 
means for determining other than total cross sections, 
including possibly resonance effects, and may prove useful 
in connection with neutrons obtained from atomic piles. 


* Present address: The Kellex Corporation, New York, New York. 


U10. Angular Dependence of Coincidences Between 
Fission Neutrons. S. DEBENEDETTI, J. E. FRANCIs, JR., 
W. M. PRESTON, AND T. W. BONNER, Clinton National 
Laboratory.—Coincidences between fission neutrons were 
measured at angular separations of 30°, 60°, 90°, 135°, and 
180°. The source was a sample of U** irradiated in a beam 
from the Clinton Pile. The neutrons were detected with 
two proportional counters containing hydrogeneous ma- 
terial in the form of 20 polythene films perpendicular to the 
wires. The counters were located in a plane perpendicular to 
the beam and were connected to a coincidence circuit of 
3X10-7 sec. resolving time. The spurious coincidences 
measured with a PoBe source of the same strength as our 
fission sample, consisted of random coincidences (con- 
siderably more numerous than the desired effect) and of 
coincidences arising when the same neutron produced a 
recoil in both counters (important only at 30°, where they 
about equaled in number the true coincidences). After 
subtraction of the spurious coincidences the final results are 
affected by a statistical error of about 10 percent. The 
number of coincidences is constant from 30° to 90° and 
increases by a factor 2 from 90° to 180°. Using the hypothe- 
sis of neutron emission from fragments in motion, this 
result shows that when more than one neutron per fission is 
emitted both fragments contribute to neutron emission. 


U11. Angular Correlation of y-Rays. Epwarp L. BRapy 
AND Martin Deutscu, Massachusetts Institute of Tech- 
nology.—The study of the angular correlation of successive 
-rays' has been continued with improved equipment which 
will be described. The results for Co® gave the following 
values for «9, defined as the true coincidence counting rate 
at the angle @ minus the true coincidence rate at @=90° 
divided by the rate at 90°: €1s9=0.216+0.025; €135=0.075 
+0.026; €129=0.048+0.025; e9=0.002+0.022. The fact 
that the lifetime of the intermediate state is short compared 
to the precession period of the nucleus in the field of its own 
electrons was established by the observation that the 
anisotropy is not affected within the statistical error by the 
application of a magnetic field of about 10,000 gauss. This 
work was supported in part by the Office of Naval Research. 

1E. L. Brady and M. Deutsch, Phys. Rev. 72, 870 (1947). 


U12. Relative Yields of Some X-Ray Induced Nuclear 
Reactions. G. FRIEDLANDER AND M, L. PERLMAN, General 
Electric Company.—The yields of a number of nuclear 
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reactions induced by x-rays from the 100 Mey betatron 
have been compared by measurement of the radioactivities 
of product nuclei. In addition to the (y, ) reactions previ- 
ously investigated,’ (y, p) reactions on Si**, Nj®, Mos and 
Ru'™ and (7, 2”) reactions on F!* and Cu® have now on 
studied. At 100 Mev maximum energy, the values of the 
four (7, p) yields show a spread of about 50 percent and are 
comparable to those of the (y, m) yields among elements 
below nickel. The abrupt increase observed in the neighbor. 
hood of Z=29 for (y,m) yields' was not found for the 
(y, P) yields. Each of the two (7, 2) reactions studied was 
iound to be approximately one tenth as probable at 109 
Mev maximum energy as the (y, ) reaction on the same 
nuclide. It is hoped that further results will be available at 
the time of the meeting. 
1M.L. Perlman and G., Friedlander, Phys. Rev. 72, 1272 (1947), 


U13.. X-Ray Yield Curves for y-n Reactions. G. ¢. 
BALDWIN AND G. S. KLAIBER, General Electric Company,— 
Yield curves for the reactions C"(y, n)C" and Cu®(y, n)Cys 
have been taken with x-rays up to 100 Mev. The induced 
radioactivity at each energy is plotted per unit x-ray in- 
tensity as measured by an r-meter thimble jacketed by } 
of Pb. Both yield curves are similar to the photo-fission 
yield curves,' the x-ray yield increasing to a maximum and 
then slowly decreasing as the x-ray energy is increased, 
With simple assumptions regarding the generation of 
ionizing secondaries in the Pb walls of the monitor and 
assumption of a constant intensity x-ray spectrum, these 
curves can be analyzed. The relative cross section is found 
to have a maximum at approximately 22 Mev for Cu® and 
30 Mev for C", decreasing to negligible values at high 
quantum energies. This decrease in cross section can be 
attributed to competition from multiple disintegrations. 
These reactions provide detectors sensitive only to part of 
the x-ray spectrum. Absorption curves have been taken in 
Pb using uranium photo-fission and in Cu and Pb using the 
Cu®(y, 2)Cu® reaction as detectors. The resulting absorp- 
tion coefficients compare favorably with theoretical values. 

1G. C. Baldwin and G. S. Klaiber, Phys. Rev. 71, 3 (1947). 


X1. Mass Spectrometric Study of Some Deuterated 
Hydrocarbons. Ricuarp E. Honic, Research and Develop- 
ment Department, Socony-Vacuum Laboratories.—lf deu- 
terated hydrocarbons are to be used as stable tracers in 
studying chemical reactions, preliminary investigations of 
their behavior in the mass spectrometer are of interest. The 
following compounds were synthesized from D,O (atom 
percent D>99) and studied: CH;D, CD,, C2D2, C2HsD, 
CH;CH:CH:;D, and CH;CHDCHs. Mass spectra, obtained 
with 50-volt electrons, of CD, and C2Dz2 resemble closely 
those of CH, and C:H:, whereas the singly deuterated 
compounds show significant deviations from the regular 
patterns which may be explained by differences in bond 
strengths. The deuterium position in the two propane 
isomers is accurately reflected by their respective spectra. 
Intensities/pressure (sensitivities) of the parent ions are the 
same within the experimental uncertainty for deuterated 
and regular hydrocarbons. A 13 percent difference observed 
for CH;CH:CH;D and C;Hs appears to be caused by 
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urities contained in the former. Ionization potentials, 


eed reproducibly to +0.02 volt, could not distinguish 
between deuterated and regular compounds. Only for CD, 
and CH, was a significant difference of 0.17+-0.04 volt 
observed, which may be explained by shifts in the zero- 
point energies of the two molecules. 


X3. Use of Mechanical Synthesizer to Determine Char- 
acteristics of Non-Dissipative Electric Wave-Filters. S. 
LeRoy BROWN AND JAMEs M. Suarp, University of Texas.* 
—The mechanical harmonic synthesizer may be used to 
plot polynomials after they have been reduced to an equa- 
tion in harmonic functions of @ by a substitution of the 
form x =R cosé where R is an arbitrary modulus. Since, in 
any electrical network containing both L and C compo- 
nents, the expression for the reactance reduces to the ratio 
of two polynomials in w (2* Xfrequency), the synthesizer 
may be utilized to determine, indirectly, the variation of 
reactance with frequency. The method employed is to plot 
with the synthesizer the first polynomial, the numerator, 
and then the second, the denominator of the expression for 
the reactance. The numerical value of the reactance in 
ohms is then the ratio of respective ordinates read from the 
two curves corresponding to any particular value w (plotted 
as abscissa). This method is extended to plotting the im- 
portant quantity in filter circuits X,/—4X; from which the 
cut-off frequencies, attenuation, phase shift, and iterative 
impedance are determined. 

* Assisted by Office of Naval Research. 


X4. Work, Heat, and Temperature Concepts in Thermo- 
dynamics and an Examination of the Temperature Scale. 
J. L. Finck, The J. L. Finck Laboratories.—In this paper 
the concepts of work, heat, and temperature are examined 
from the standpoint of a complete equation* for the in- 
ternal energy of a system. In an incomplete system energy 
necessarily remains with the system, which results in the 
inefficiency of a process. This inefficiency is, of course, 
appreciable for processes taking place at a finite speed, but 
is not necessarily eliminated by means of a quasi-static 
process. The Kelvin temperature scale is shown to be based 
on an incomplete equation for the internal energy and 
therefore offers certain difficulties. A temperature scale 
based on a complete equation is shown to have advantages 
over the Kelvin scale, and it is further shown that the 
temperature of absolute zero as based on a complete 
equation is lower than that on the Kelvin scale. 

* Bull. Am. Phys. Soc. 22, 28 (1947), p. 16, T1. 


X5. Measurement of Rocket Flame Velocity by Doppler 
Shift. F. P. Bunpy, General Electric Company.—Rocket 
flame velocity is usually deduced from measurements of the 
thrust force and mass flow rate made on the rocket motor. 
In response to a need for an independent absolute measure- 
ment of the flame velocity, a method has been developed 
which is based on the Doppler shift of the sodium D-line 
radiation from the flame. The small shift of wave-length is 
measured from interference patterns formed by a Fabry- 


Perot interferometer. Because the spectral line width is. 


greater than the Doppler shift it is necessary to photograph 
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separate interference patterns using upstream and down- 
stream light and then compare the positions of the fringes. 
The accuracy of the method with the present apparatus is 
within +10 percent. With the improved apparatus which 
is being set up it is expected to bring the accuracy to within 
less than +5 percent. Some of the optical and mechanical 
problems encountered in the development will be discussed. 
A few interesting spectroscopic effects produced by rocket 
flames will be presented. 


X6. A Simple Temperature Controller. J. C. Mouzon, 
The Brown Instrument Company.—A simple temperature 
controller has been developed which permits thermostating 
of equipment to closer limits than is possible with ordinary 
on-off control. The sensitive element is a resistance ther- 


* mometer which is employed in a 60-cycle a.c. bridge. The 


output of the bridge is amplified by one-half of a dual 
triode and is fed to the grid of a thyratron. The other half 
of the dual triode is used as a rectifier to supply d.c. to the 
amplifier stage. The plate circuit of the thyratron includes 
the heater load. A.c. power is supplied to the thyratron and 
heater circuit. The use of a.c. on the bridge and thyratron 
makes the control essentially independent of line voltage. 
By shunting the heater load with a condenser or by using a 
parallel resistance and capacity in the cathode of the 
thyratron it is possible to obtain proportional action in 
which the power supplied to the heater is a function of the 
departure of the temperature from the desired value. This 
action minimizes the cycling that accompanies on-off 
control. 


X7. Scattering and Transmission Cross Sections of 
Circular Disks and Apertures for Sound and Electro- 
magnetic Waves. R. D. Spence,* Yale University.—This 
note reports the results of calculations on the scattering 
cross section of a circular disk for normally incident sound 
waves and on the transmission cross section of circular 
apertures for sound and electromagnetic waves. The calcu- 
lations were made by separating the wave equations in 
oblate spheroidal coordinates. Numerical results have been 
obtained in the range 


2 
0<—a<s5, 


where a is the radius of the disk or aperture. 


* Now at Michigan State College. 


X8. The Development of a Combustion Wave in a 
Flowing Gas.* R. J. Dery, Bureau of Mines.—A flame 
front is propagated in a flowing gas with a velocity which is 
the resultant of the flame-propagation velocity in the direc- 
tion of the normal to the flame front and the velocity of the 
unburned gas. The case of a combustion wave in a gas in 
Poiseuille flow in a cylindrical tube has been investigated 
theoretically for an ideal system with constant burning 
velocity, constant volume, and null lateral expansion of 
stream tubes. The equation of motion of points on the flame 
surface in an axial plane relative to a point moving with the 
velocity 2. of the gas on the axis of the cylindrical jet is 
then i=an—(r?/R*)0,, where 7 is the outer normal to the 













flame surface and R the radius of the jet. Schlieren photo- 
graphs of the initial stages of spark-ignited flames in gas 
issuing from a tube are in agreement with the theory. 

* Assisted by the U. S. Navy. 


X9. The Approximate Small Signal Theory of Electron 
Beam Wave Interaction in a Wave Guide with a Filament 
Beam. PuHILip PARZEN, Federal Telecommunication Labora- 
tories.—The small signal electron beam wave interaction in 
a wave guide is characterized by an axial propagation con- 
stant h, which may be obtained from the constants, h,, for 
the cold guide by considering the beam as a source of forced 
vibrations, periodic in space, of the fields, which are ex- 
panded in the normal modes of the cold guide. For a fila- 
ment beam, hf is given by 

2. 2 
_ e—) RS, Bn 

(8—h)? h,?—-h? 
where k=2x/d, B=w/vo, v0 is d.c. velocity of beam, R is 
105J) (amps) / Vo! (volts) and B,=|E,|*/Nn, where E, is 
the longitudinal electric field of the mth cold mode at the 
beam and N,= /|£,|*dA over the guide cross section. 
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X10. Further Report on High Pressure Experiments on 
Ultrasonic Propagation.* GreraLp J. Hoiton, Harvard 
University —The experimental arrangement and some of 
the results for measurements of sound velocity and attenua- 
tion in liquids at high pressures have been presented re- 
cently.** Further data and a summary of the theoretical 
conclusions are now given. Included are discussions of 
specific heats, relaxation times, and molecular association 
in liquids like water ; for instance, it can be shown that the 
absorption at 15 mc/sec. approaches the classical value at 
pressures from a few hundred to several thousand atmos- 
pheres, depending on the temperature. 


* Assisted by the U. S. Navy. 
** A. P. S. Meeting, November 1, 1947. 


Yl. Disintegration of Isomers of Ba'**. Fu-Cuum Yu 
AND J. D. Kursotov, The Ohio State University.—By the 
activation of barium with slow neutrons a radioactive 
isotope of barium of half-life of over 20 years has been ob- 
tained. After sufficient time is allowed for the 12-day Ba" 
to disintegrate, long-life barium was found to emit gamma- 
rays of energy of 310 kev, conversion electrons, and x-rays. 
Independently by activation of cesium with deuterons 
followed by chemical separation of barium, radiations 
emitted by two isomers of Ba™ (1) of the previously known 
half-life of 38.8 hours and (2) of a long life have been 
studied. From the evidence of the accumulation of gamma- 
ray intensity of a long-life isomer during the disintegration 
of the 38.8-hour isomer, the genetic relationship between 
these two isomers was established. A scheme of disintegra- 
tion of the isomers of Ba™ will be proposed. 


Y2. Radiations from Antimony (124).* M. V. ScHERB 
AND C. E. MANDEVILLE, Bartol Research Foundation.—The 
characteristic radiations of Sb”* have been re-investi- 
gated.+? The hard gamma-ray was found to have an energy 
of 1.67 Mev as measured by coincidence absorption. This 
value agrees well with the many earlier determinations. 
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The beta-rays, measured by aluminum absorption, had a 
maximum energy of 1.62 Mev, agreeing fairly well with 
earlier absorption measurements of the Indiana group,! but 
differing from subsequent spectrometric data by as much as 
0.83 Mev. The genuine beta-gamma coincidence rate de. 
creased from an extrapolated value of 0.92 x 10-* cojingj. 
dence per beta-ray at zero absorber thickness to 0.38191 
coincidence per beta-ray at 0.11 g/cm* in aluminum, 
The inner beta-ray group then has an end point at 
about 0.5 Mev. A gamma-gamma coincidence rate of 
(0.59+0.03) X10-* coincidence per gamma-ray was also 
observed. 


* Assisted by the Office of Naval Research. 
1 Mitchell, Langer, and McDaniel, Phys. Rev. 57, 1107 (1940), 
2 Meyerhof and Scharff-Goldhaber, Phys. Rev. 72, 273 (1947), 


Y3. Beta- and Gamma-Radiations from Antimony.* 
BERNARD D. KERN, DANIEL J. ZAFFARANO, AND ALLAN C. 
G. MITCHELL, Indiana University.—A source of antimony 
obtained from the Oak Ridge pile was investigated, with 
respect to its beta- and gamma-rays, by the use of a thin 
lens magnetic spectrometer. Gamma-ray energies of the 
60-day Sb"* were determined from photoelectric lines pro- 
duced with a thin lead radiator and also from Compton 
electrons produced in copper. The energies of the strongest 
lines are 0.603 and 1.708 mv. Three weaker lines have 
energies 0.650, 0.714, and 2.064 mv. The beta-ray spectrum 
was measured using a source of surface density 5.5 mg/cm? 
on a backing of 1 mg/cm. The spectrum is complex, and a 
Fermi plot of the data gives groups with the following end 
points: 2.32, 1.58, 0.98, 0.63, and 0.47 mv. An internal 
conversion line was found at 0.571 mv, corresponding to the 
gamma-ray of energy 0.603 mv. A measurement of the 
gamma-rays of Sb™ (2.7 days), taken before the source was 
aged, gives a gamma-ray of energy 0.568 mv. 

* Supported by the Office of Naval Research. 


Y4. Beta- and Gamma-Radiation of Antimony.* C. 
SHARP CooK AND LAWRENCE M. LANGER, Indiana Uni- 
versity—Measurements on the beta- and gamma-rays 
emitted by antimony bombarded by slow neutrons at Oak 
Ridge have been made with a high resolution, 40-cm radius 
of curvature, shaped field magnetic spectrometer.! The 
beta-spectrum of 60-day Sb™‘ was determined after all 2.8- 
day Sb™ had decayed and after chemical separation. A 
source of 1 mg/cm? plated onto a 0.010” graphite backing 
was used. The counter window had a low energy cut-off of 
2.0 kev. The spectrum is complex and by means of the 
Fermi plot may be resolved into five groups having maxi- 
mum energies at 2.37, 1.50, 0.98, 0.68, and 0.50 Mev. An 
internal conversion line was observed at Hp=1050 gauss- 
cm, corresponding to a gamma-ray energy of 0.121 Mev. 
Compton and photoelectrons ejected from a Pb radiator 
yield lines corresponding to gamma-rays of 2.14, 1.708, and 
0.608 Mev. Additional weak lines were observed, which, if 
caused by K electrons ejected by Sb gamma-rays, corre- 
spond to gamma-ray energies of 0.732 Mev and 0.654 Mev. 
Runs, taken when the source was fresh, yield K and L lines 
corresponding to a gamma-ray of Sb™ of 0.568 Mev. 


* This research was supported by the Frederick Gardner Cottrell 
Fund of the Research Corporation and the Office of Naval Research. 
1L. M. Langer and C. S. Cook, Rev. Sci. Inst., in press. 
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Ys. Coincidence Measurements in Sb'**. E. T. JURNEY 
anp AtLan C. G. MITCHELL, Indiana University.*—The 
disintegration of Sb‘ has been re-investigated,'? using 
coincidence counting methods. The beta-ray absorption in 
aluminum was measured, using a single counter with a thin 
window, and the curves analyzed by the method of Bleuler 
and Ziinti.* Two intense groups were found with end points 
at 2.24 and 0.51 mv. Beta-gamma and gamma-gamma 
coincidences were measured. When the number of beta- 
gamma coincidences per beta-ray is plotted against absorber 
thickness, the curve is practically flat from the highest 
absorbers used up to a thickness of 168 g/cm?, correspond- 
ing to the energy of 0.47 mv, where a sharp rise sets in, 
indicating the presence of a low energy group of electrons. 
The high energy portion is being investigated further for 
evidence of additional groups. 


by the Office of Naval Research. 
+ Supp atte icchell, L. M. Langer, and P. W. McDaniel, Phys. Rev. 


940). 
7, LAs + ane and G. Scharff-Goldhaber, Phys. Rev. 72, 273 
( 


1 Bleuler and W. Zinti, Helv. Phys. Acta 19, 375 (1946). 


Y6. Absorption Curve of Be'® Beta-Rays. WILLIAM E. 
STEPHENS AND A. M. Bottoms, University of Pennsylvania. 
—The aluminum absorption curve of the beta-rays from 
bervllium'®! has been measured. The results are in agree- 
ment with those of McMillan? and indicate an apparent end 
point between 185 and 190 mg/cm? of aluminum. Attempts 
are being made to reduce the tail (presumably brems- 
strahlung) by the use of beryllium holders and absorbers. 

1 Beryllium target fragments supplied by Professor A. L. Hughes and 
Professor F. N. D. Kurie of Washington University. 

2 E. M. McMillan, Phys. Rev. 72, 591 (1947). 

Y7. The C' Beta-Ray Spectrum. Marcaret N. Lewis 
AND Mrir1AM PAut, University of Pennsylvania.—Further 
studies of the C' beta-ray spectrum! with a permanent 
magnet spectrograph have been made. The apparent end 
point is 152+5 kev. Scattering has been reduced by use of a 
thin source and support. The energy sensitivity calibration 
of the film in the region of the end point was made with the 
use of the line spectrum of Ra B. 

1W. E. Stephens and Margaret N. Lewis, Phys. Rev. 72, 526 (1947). 


Y8. Positron-Electron Ratios in Cu. L. CRANBERG 
AND J. HALPERN, University of Pennsyloania.—The work of 
Backus' on Cu, which gives positron-electron ratios in 
excess of values predicted by theory at energies below 50 
kv, is compared with earlier work of Tyler? and Townsend.* 
Although spectral shapes from Tyler’s work deviate from 
straight-line Kurie plots at 350 kv for positrons and 320 kv 
for electrons, positron-electron ratios agree with theory 
down to energies of approximately 100 kv. This suggests 
that source scattering of positives and negatives can be 
treated symmetrically when spectral shapes are similar. 
Such a situation no longer holds at energies below 50 kv. 
When Backus’ results are compared with ratios taken at the 
upper end of the spectrum, the discrepancy from theory is 
greater than was indicated. The low energy region, however, 
is particularly sensitive to inelastic scattering effects, which 
will be discussed in detail. 


1 Backus, Phys. Rev. 68, 59 (1945). 
? Tyler, Phys. Rev. 56, 125 (1939). 
* Townsend, Proc. Roy. Soc. (London) A177, 357 (1941). 
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Y9. Neutron Induced Activities in Erbium. B. H. 
KETELLE AND W. C. Peacock, Clinton National Laboratory. 
—Two erbium activities were produced in ion-exchange’ 
separated erbium, by n, y reactions and were studied with 
beta-ray spectrometer and coincidence techniques. (1) A 
9.4+0.2-d 8- emitter has been found. It emits no gamma- 
rays and has a beta-ray end point of 0.3340.01 Mev. 
(2) A 7.5+0.2-h 8- emitter has also been found. It has 
three alternate modes of 8~ decay. 71+5 percent of the 
betas have an energy of 1.05+0.03 Mev and are followed 
by two gammas of 0.305+0.010 and 0.113+0.005 Mev in 
cascade. The 0.113-Mev gamma-ray is highly converted 
and has a half-life of 2.5 usec. (see following abstract). 
6+1 percent of the betas have an energy of 1.49+0.05 Mev 
and decay directly to the ground state of Tm. 22 percent 
of the betas have an energy of 0.67+0.03 Mev and are 
followed by a 0.805+0.025-Mev gamma. From the dis- 
integration energies it appears that the 7.5-h period should 
be assigned to Er!” and the 9.4-d period to Er’. A Tm 
activity of 500+100-d was shown to grow from the ac- 
tivated Er samples; this is probably Tm™ daughter of 
7.5-h Er'™, 


1B. H. Ketelle and G. E. Boyd, J. Am. Chem. Soc. November 1947. 


Y10. Short-Lived Isomers in Tm'® and Tm"', F. K. 
McGowan AND S. DEBENEDETTI, Clinton National Labora- 
tory.—Using a technique previously described, delayed 
coincidences were observed with sources of 33-days Yb’ 
(K capture to Tm™),.! The delayed rays are conversion 
electrons from a state of around 1 y-sec. half-life and about 
0.2-Mev excitation energy. 30 percent of the immediate 
pulses are due to x-rays from K capture and the rest to 
conversion electrons from other y-rays. This proves that at 
least in some instances the short-lived isomeric state is 
preceded by the emission of immediate y-rays. No delayed 
coincidences were detected with sources of 9.4-days Er'®,? 
which leads by 8~ decay to the same final nucleus as Yb™. 
Sources of 7.5-hours Er! (8- decay to Tm" )?* also give 
delayed coincidences corresponding to a half-life of 2.5 
u-sec. and 0.113-Mev excitation energy. In this case the 
number of conversion electrons per disintegration is 
about 0.4, 


1W. Bethe, Zeits. f. Naturf. 1, 173 (1946). 
2 See preceding abstract. 


Y11. The Beta- and Gamma-Spectra of Ga’.* S. K. 
HAYNES, Clinton Laboratories and Vanderbilt University.— 
The experimental curves obtained in an investigation of 
the beta- and gamma-ray spectra of Ga™ with a thin lens 
spectrometer are presented and discussed. Evidence is 
given for the existence of beta-particle groups with maxi- 
mum energies of 3.15 Mev, (9.5 to 20 percent) 2.5 Mev, 
(8 to 18.5 percent) 0.955 Mev, (32 percent) and 0.64 Mev, 
(40 percent). The photoelectron spectrum indicates gamma- 
rays of the following energies: 2.51 Mev (26 percent), 
2.21 Mev (31.5 percent), 1.87 Mev (7.5 percent), 1.59 Mev 
(4.5 percent), 1.05 Mev (4.5 percent), 0.84 Mev (100 per- 
cent), 0.63 Mev (18.5 percent), and possibly a weak 
gamma-ray at 1.25 Mev (2 percent). A conversion line 
appears at 0.68 Mev in the beta-ray spectrum, but no 
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_ corresponding line can be identified with certainty in the 
photoelectron spectrum. The conversion coefficient is prob- 
ably between ten and fifty percent, indicating an isomeric 
state of considerable duration. A partial decay scheme 
of Ga™ is presented. 


* This work was performed under contract with the Atomic Energy 
Commission. 


Y12. Radiations from Mo” and Tc*.* C. E. MANDEVILLE 
AND M. V. ScHERB, Bartol Research Foundation.—The 
67-hour activity was induced in Mo20Q; irradiated by slow 
neutrons at the Clinton pile. Separations were made for 
the removal of calcium, iron, phosphorous, and columbium 
as possible impurities. The energy of the hard beta-rays 
of Mo” was measured by aluminum absorption and was 
found to have an end point at 1.03 Mev. Coincidence 
measurements indicated that no gamma-rays are coupled 
with the high energy spectrum. A low energy group of 
beta-rays is present in Mo”, having a maximum range of 
0.057 g/cm? in aluminum. This spectrum is coincident 
with gamma-radiation. The gamma-rays have a maximum 
energy of 0.71 Mev as measured by coincidence absorption. 
A small gamma-gamma coincidence rate, 0.085 X 10-* co- 
incidence per gamma-ray, was detected in Mo”. The elec- 
trons of the highly converted gamma-ray of the 6-hour 
metastable state of Tc”, separated from Mo”, were found 
to be non-coincident with gamma-radiation. Also, no 
gamma-gamma coincidences were observed in the tech- 
netium fraction. The conversion electrons had a range of 
0.022 g/cm? in aluminum. A disintegration scheme will be 


proposed. 


* Assisted by the Office of Naval Research. 


Y13. The 7-Second Au™ Isomer. H. FRAUENFELDER, 
P. C. GuGe.ot,t O. Huser, H. Mepicus, P. PREISWERK, 
P. SCHERRER, AND R. STEFFEN, Swiss Federal School of 
Technology.—The decay of the two isomeric states of 
Hg", produced by the Au’’(p, m)Hg’ reaction, has been 
investigated to study the 7-sec. Au’*.2 Both decay by 
electron capture. The 25-h activity excites a 0.3-Mev state 
of gold, from which a cascade of a 0.165-Mev—and a 
0.135-Mev y-ray leads to the ground state. The 65-h 
activity excites a level of 0.077-Mev above the ground 
state. No indication of a genetic relation between both 
periods was found. Coincidence measurements showed 
that none of these Au levels had an appreciable lifetime. 
To determine the radiations of the 7-sec. Au’”*, we bom- 
barded gold with Be+D neutrons. The half-life was 
found to be (7.4+0.3) sec. This excited level decays by a 
ca. 0.250-Mev converted y-ray, which is followed by a 
ca. 0.07-Mev converted y-ray. By distilling active mercury 
we obtained this Au activity and found that ca. 4 percent 
of the decay of 25-h Hg™ yields this isomeric state. The 
measured half-life was (7.4+0.2) sec. Absorption curves 
of the conversion electrons agreed with those obtained by 
n,n excitation. A tentative energy-level scheme will be 
given. 

t+ Now at Princeton University. 


1G, Friedlander and C. S. Wu, Phys. Rev. 63, 227( 1943). 
2M. L. Wiedenbeck, Phys. Rev. 68, 1 (1945). 
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Z1. The Mass-Energy Relation.* W. F. G. sw 
Bartol Research Foundation.—Relativity serves only to 
predict the relation for those portions of the mass and 
energy which are dependent upon the velocity. Electro. 
magnetic theory comes near to providing for the rest Mass 
in terms of ordinary electrostatic energy, but with the well 
known discrepancy amounting to a factor of four-thirds, 
For uncharged particles, electromagnetic theory does 
nothing. A hypothesis is developed according to which the 
whole of the rest mass arises from internal motions of the 
particles in a form consistent with the required behavior 
of the particles in respect to the apparent forces which 
they exert. The line of thought is analogous to that of the 
whole philosophy which sought to see all potential energy 
as a manifestation of kinetic energy. It has, moreover, 
the advantage of unifying the concepts of rest energy and 
kinetic energy in a form which gives the mass-energy 
relation a more clear-cut meaning. The development js 
carried out along classical lines following the general idea 
that in seeking ultimately to develop consistent quantum 
theory in relation to these matters it is good to start by 
seeking consistent classical representation. 


* The work constitutes a theoretical contribution to the general 
nuclear physics program supported at the Bartol Research Foundation 
by the ce of Naval Research. 


Z2. A Simplified Notation in Classical Mechanics. H. C. 
CorBEN, Carnegie Institute of Technology.—In non-rela- 
tivistic classical mechanics, a dynamical system may be 
specified by N coordinates g, and the conjugate mo- 
menta px, i.e. by a point in 2N-dimensional phase space 
Qs={qe, Pe}. If one defines an orthogonal 2N-vector 
P;={pe, —gqe} all of the canonical equations for a con- 
servative holonomic system may be written in the form 
Q:=0H/aP;. The Poisson and Lagrange brackets of 
two dynamical variables X,Y become simply (X, Y) 
= (8X /4Q;)(8Y/aP;) and [X, YJ=(8Q;/dX)(aP;/2Y) re- 
spectively, and all of the P.B. and L.B. relations are 
contained in (Qi, P;)=([Q:, Ps]=4:;. The infinitesimal 
contact transformation generated by S(P;) leads to 
6Q;=95S/aP;. This simplified notation is easily extended 
to special relativity theory, where for the motion of a 
single particle N=4. By introducing a metric G;; in phase 
space it may be further extended to general relativity 
theory, where the corresponding P.B. relations are 
(Qi, P;) =Gi;. It then follows that in general the Poisson 
brackets of two coordinates or of two momenta of a particle 
do not vanish, being proportional to the antisymmetrical 
off-diagonal 4X4 tensors of G,;. In the corresponding 
quantum theory it would be necessary to represent the 
position of a particle by operators which do not commute. 


Z3. On Multiple Excitation of an Elastic System. G. S. 
BENNETT, Michigan State College.—Approximate solutions 
to the non-linear differential equations are used to evaluate 
the importance of possible combination frequency reso- 
nances where two sinoidal forces are applied to a one 
degree of freedom elastic system which has a force function 
expressible as a power series in displacement. It is shown 
that such resonances exist, but that the maximum ampli- 
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tudes at resonance are generally much less than the “static” 
displacement due to one of the exciting forces, and so can 
be disregarded as a source of trouble in vibration problems. 
The same method is used and the same general remarks 
made for the case when the damping function is expressible 
as a power series in velocity. 


74. Symmetric Energy-Momentum Tensor of Iwanenko- 
Sokolow Field. C. Kixucni, Michigan State College.— 
The Lagrangian 

L=}{xrtxs*gavat f(r? + x2") FapFapt Fag, >F af, vi} 
which leads to the Iwanenko-Sokolow' field equations 
(O—«:*)(O—«2?)¢a=0 will be used to indicate how the 
symmetric energy-momentum tensor can be derived for 
fields whose Lagrangian depends upon the derivatives of 
the field quantities. The method due to F. J. Belinfante* 
will be used. 


1D. Iwanenko and A. Sokolow, J. of Phys. USSR 8, 54, 358 (1944). 
2F, J. Belinfante, Physica 6, 887 (1939). 


Zs. First Passage Time Moments for Certain Mar- 
koffian Random Functions. A. J. F. Siecert, North- 
western University—Let y(t) be a stationary Markoffian 
random function for which the moment conditions are 
fulfilled, so that a Fokker-Planck equation is satisfied by 
the probability density P(yo/y, t).! We define p(yo/t’, a)dt’ 
as the conditional probability that y(¢) passes the value 
a>yo for the first time between #’>0 and ¢’+d?t’, provided 
that y(0) =o. From the equation 


P(y0/y,1)= J. b(y0/t’, a)P(a/y, t—#')at" 


for y>a>yo and its Laplace transform we then obtain the 
recursion formula for the moments ¢,(yo, a) of the first 
passage time: 


ta(yo,0)=2n f° do[B(s)W(s)T* f%, W(x)taa(e, a)dx 


with to(yo,a@)=1, where W(z)=P(yo/z, ©) and B(z) is 
defined in the reference p. 331, Eq. (38). 


cee C. Wang and G. E. Uhlenbeck, Rev. Mod. Phys. 17, 323, 331, 332 


Z6. Observable Effects of the Quantum Fluctuations of 
the Electromagnetic Field. T. A. WELTON, Massachusetts 
Institute of Technology.—Under the action of the zero- 
point fluctuations of the electromagnetic field a free charged 
particle will exhibit forced oscillations about its mean 
position. The mean square amplitude of this fluctuation in 
position can be simply calculated in the non-relativistic 
limit. This fluctuation is too small to be observable in a 
macroscopic experiment but, for an electron in a hydrogen 
atom, the fluctuation in position will give rise to a change 
in the effective potential energy. The alteration will be 
proportional to the mean square displacement and the 
Laplacian of the potential energy. It is easily seen that 
the sign of the change is such as to weaken the effect of 
the potential energy. In this way, a simple, reasonably 
quantitative explanation is given of the displacement of 
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the 2S level of hydrogen recently observed by Lamb. 
Similarly, a simple discussion can be given of the higher 
order corrections to such processes as elastic scattering. 
The same methods can be used to calculate the fluctuation 
in direction of a free spin. This effect is closely related to 
the anomalies in Zeeman and hyperfine splittings observed 
in recent molecular beam experiments. A discussion will 
be given of this point. 


Z7. On the Method of Virtual Quanta. M. Lax, Syracuse 
University AND H. FesuHpacn, Massachusetts Institute of 
Technology.—A quantum analogue of the classical Weis- 
z4cker-Williams method has been derived in which it is 
shown that, in the Born approximation, the electromag- 
netic field of a charged particle whose energy is large com- 
pared to its rest mass, can be replaced by an equivalent 
spectrum of transverse and longitudinal photons. The 
range of applicability is that of the Born approximation 
and thus may include the case of close impacts involving 
high energy virtual quanta. In the procedure used, the 
electromagnetic field generated when the charged particle 
changes its momentum by » and its energy by v9 is approxi- 
mated by the Moller formula. The denominator (»* — »¢*)* 
insures that the scattered particle comes off in essentially 
the forward direction for high energy particles. Integration 
over all directions of the scattered charge and comparison 
of the charged induced cross section with the photon 
induced cross section with the approximation v= vo yields 
the desired equivalent photon distribution. Criteria for 
the general validity of the W—W method may now be 
given. The inclusion of the longitudinal photon spectrum 
increases its range of applicability. An extegsion of this 
procedure to meson theories permit the derivation of an 
equivalent meson spectrum of a nucleon. 


Z8. The Electromagnetic Level Shift. H. A. Berne, 
Cornell University.—The shift of the energy levels of a 
bound electron, due to its interaction with electromagnetic 
radiation, is calculated relativistically. No numerical result 
has yet been obtained, but it has been shown that the 
result is finite, and is of the same order of magnitude as 
that of the previous non-relativistic theory. To obtain 
this result, it is necessary to subtract from the self-energy 
of the bound electron, the self-energy of a packet of free 
electron waves which agrees in shape with the bound wave 
function. Alternative subtraction procedures will be dis- 
cussed but rejected. One difficulty in the relativistic calcu- 
lation is that at first sight the level shift seems to be of 
order aV where a=e*/Ac and V is some average of the 
potential energy; moreover, this term still diverges loga- 
rithmically at high frequency. However, actually the term 
of order aV vanishes identically because the bound wave 
function satisfies the Dirac equation. There remain then 
terms of order a*V, as in non-relativistic theory. The most 
important term depends on the wave function at the origin 
and shifts the s-levels only, but the spin-orbit coupling 
(Ps2—Pin splitting) is also changed, and levels like dy 
and Py in hydrogen will no longer coincide exactly. 
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Z9. The Electromagnetic Level Shift. F. J. Dyson, 
Cornell University. (Introduced by H. A. Bethe.)—Follow- 
ing a suggestion of Bethe, the shift of the energy levels of 
a one-electron atom due to the interaction of the electron 
with the radiation field has been calculated, using rela- 
tivistic mechanics but ignoring the spin of the electron. 
The electron is represented as a particle of spin zero satisfy- 
ing the relativistic Klein-Gordon wave-equation. Using 
Bethe’s method of subtracting the self-energy of a free 
particle from that of the bound particle, the calculations 

‘give finite values for the level-shifts; owing to a certain 
arbitrariness in the subtraction prescription, these values 
are not uniquely defined, but the limits of ambiguity 
amount to only a small percentage of the predicted shifts. 
For the 2s — 212 separation in hydrogen, the most plausible 
subtraction prescription gives a value of 1034 megacycles, 
in close agreement with Bethe’s non-relativistic estimate 
and with experimental evidence. The calculations are less 
formidable than those for a Dirac electron; this is prin- 
cipally because the current operator of a slowly moving 
Klein-Gordon particle is uniformly small, whereas the 
Dirac a-operator always gives some matrix elements of 
magnitude comparable with unity. The quantities to be 
calculated are expanded in eigen-functions of the Klein- 
Gordon equation, and the non-orthogonality of these 
eigen-functions causes much less trouble than was an- 
ticipated. 


Z10. On the Electromagnetic Shift of Energy Levels. 
JuLIAN SCHWINGER, Harvard University, AND VICTOR 
Welsskorr, Massachusetts Institute of Technology.—A rela- 
tivistic calciflation of the electromagnetic shift of atomic 
energy levels, as observed by Lamb,* can be carried out 
on the basis of the hole theory of the positron. Two 
different methods are being used whose fundamental idea 
consists in the elimination of the infinite self-energy either 
by suitable subtraction of the free electron mass or by 
modifying the Hamiltonian to unite the electromagnetic 
mass with the mechanical mass of the electron. The effect 
of the polarization of the vacuum by the Coulomb field 
must be included in this calculation; however, the previous 
treatment of this effect by Uehling did not consider ex- 
change effects. The two methods are equivalent and give 
rise to a finite value of the level shifts, the order of magni- 
tude being the same as conjectured by Bethe.** 


* Lamb and Retherford, Phys. Rev. 72, 241 (1947). 
* H. A. Bethe, Phys. Rev. 72, 339 (1947). 


Z11. Equations of the Neutrino. NATHAN RosEN, Uni- 
versity of North Carolina.—The neutrino, regarded as a 
particle having zero charge, zero rest-mass, and spin 3, is 
usually described by means of the Dirac equations. This 
means that a neutrino field is described by complex func- 
tions. However, one would expect a wave field composed 
of neutral particles to be described by means of real 
functions. It is found that one can obtain a self-consistent 
formalism involving only real functions by means of a 
transformation from the usual Dirac formalism.’ It appears 
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that, with the description of the neutrino field by Means of 
real functions, one can remove the difficulty in the Neutrino 
theory of light associated with the arbitrariness of the 
phases of the complex functions used in the past. 

‘1 have learned that essentially the same thing was first done by 


E. Majorana, Nuovo Cimento 14, 171 (1937). 
2M. H. L. Pryce, Proc. Roy. Soc. A165, 247 (1938), 


Z12. Tensor Forces and the Binding Energy of the 
Triton. W. Rarita, Brooklyn College, anv H. FESHBACH, 
Massachusetts Institute of Technology.—The success of 
tensor forces in explaining the two body phenomena leads 
one to hope that the three particle nuclear problems can 
also be fitted into the theory. An important such problem 
is the triton binding energy. An initial attack was made by 
Gerjuoy and Schwinger,! using Gaussian wave functions, 
Instead we have introduced the more flexible Hylleraas 
expansion for the trial wave function which allows a more 
systematic improvement of the binding energy sought. 
Because of the sharp discontinuity in the rectangular 
potential the variational method here used may not be 
entirely reliable. Tests of the procedure used were made by 
applying it to the binding energy problem of the deuteron 
with tensor forces and also to the binding energy of the 
triton with a square well potential but without tensor 
forces. We estimate that the present theory assuming the 
same range and rectangular shapes for all the potentials 
will give at most but 60 percent of the experimental triton 
binding energy. We are investigating the sensitivity of 
this result to range and potential well shape. 


1 E. Gerjuoy and J. Schwinger, Phys. Rev. 61, 138 (1941), 


Z13. Molecular Systems Containing a Positron. Aapye 
OreE,* Princeton University—Recently Wheeler! has en- 
visaged the existence of atomic or molecular systems which 
contain a positron, e.g., e*Cl~. Since the ordinary approxi- 
mate methods of molecular or atomic theory are not well 
adapted to the problem of the dynamic stability of the new 
systems, information about this stability that can be 
obtained without elaborate calculations has been sought, 
(1) from experimental data descriptive of hydrides and 
molecular hydrogen and, (2) from previous calculations of 
the energy of light poly-electrons. Procedure (1) corre- 
sponds essentially to a variational treatment utilizing 
exact molecular wave functions. This method is refined 
by modifying these functions according to the virial 
theorem. While no molecular wave function is explicitly 
known the necessary matrix elements can be obtained from 
available spectroscopic data. The treatment suffices to 
guarantee stability only when the positron is replaced bya 
positive meson of mass of the order of twenty electron 
masses or more. Procedure (2) allows a lowering of these 
approximate minimum mass values, in a special case 
(e+tH-) to a few electronic masses. The results do not 
exclude the systems envisaged by Wheeler. 


* Frank B. Jewett Fellow. 
1J. A. Wheeler, Ann. New York Acad. Sci. 48, 219 (1946). 















man mlUlUrelC elCUee.lUwmmDUlUC CO 








Pans of 
of the 


lone by 


of the 
BACH, 
e858 of 
| leads 
18 Can 


de by 


tions, 


ught. 
gular 
Ot be 
de by 
iteron 
of the 


ig the 
ntials 
triton 
ty of 


ADNE 
S en- 


vhich 


new 
n be 
ight, 


ns of 


BRET ce SSERSG 

















214. Light versus Matter. GERTRUDE SCHWARZMANN.— 
The basic difference between the motion of light and that of 
matter is the independency existing between frequency and 
speed of light compared to the functional interdependency 
existing between frequency and speed of material entities. 
Conjoint to the speed » of electrons and protons are the 
frequencies v?-b/7.3 and 252v*-b, respectively, where b 
stands for {(c?—1*)/(c?—v*)}#. The speed of light ¢ is an 
unattainable upper limit of the speed of particles and 
particle waves as the particle speed c is conjoint to the 
particle frequency infinite, unattainable upper limit of the 
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frequencies of both, light and matter. From the viewpoint 
of this paper, based on the same assumptions as “Actual 
Mass and Inert Mass” in this issue, the mass equivalent to 
the energy of a produced or materializing photon is on one 
hand its own inert mass, on the other hand the inert mass 
of the dematerializing or produced particle pair. The varia- 
tion of the frequency of material entities with } is pre- 
requisite to a universe built up of four kinds of material 
entities and to the conservation of linear momentum on 
materialization and dematerialization respectively. 





SUPPLEMENTARY PROGRAMME 


SP1. A Precision High Voltage Vacuum-Tube Volt- 
meter.'* Luxe C. L. Yuan, Princeton University.— 
A vacuum-tube voltmeter circuit is described which is 
capable of measuring voltages within the range of from 0 to 
—5000 volts with an accuracy of 0.05 percent and a linear 
characteristic over the entire range. The input impedance 
is greater than 5 X 10’ ohms. The circuit was developed for 
the purpose of measuring accurately high voltage sources of 
extremely low current drain which were employed for 
cosmic-ray studies. It is based on a null method using a 
vacuum tube having a high amplification factor as one arm 
of a balanced circuit and a constant current source as the 
other arm. The negative terminal of the measured voltage 
is applied to the plate of the tube and the grid voltage is 
varied to maintain the same grid current which balances 
the current from the constant current source. Linearity 
results from the negligible varying space-charge effect at 
constant grid current, and high precision measurements are 
obtained by means of a special circuit for measuring the 
change in grid voltage. By setting the grid current equal to 
a value of 1/u, where yu is the amplification factor of the 
tube, the meter can be made to read directly the measured 
voltage. 


1 This work was supported by the Office of Naval Research. 
* To be called after Session H if time permits. 


SP2. Electronic Polarizability of O-~ in Presence of 
Ti*#.* W. SHockiey, Bell Telephone Laboratories.—Ber- 
berich and Bell' demonstrated that the high dielectric con- 
stant of TiO, does not require enormously high values for 
either electronic or atomic polarizabilities. However, the 
electronic polarizability, a(O-~), is anomalously high in Ti 
compounds compared to. other oxides. If a(O-~), obtained 
from (m*—1)/(n*+2) by subtracting Pauling’s* cation 
values, is plotted versus volume per O~~ ion, then values for 
Al, Be, Mg, Li, Ca, Sr, and Ba oxides fall near one line; Zn, 
Cd, and Hg about 20 percent higher and TiO: and CaTiO; 
about 80 percent higher. Data on dispersion indicates that 
the high values are not due to a small energy gap, but 
instead to a large sum of matrix elements; this large sum 
probably arises from the fact that optical excitation in- 
volves wave functions aroung the Ti** ion which can be 





made up of eight components involving 3d, 4s, and 4p of 
about the same energy, whereas for the other cases only 
four components such as 4s, 4p are available. 


* To be called after Session R if time permits. 
rk Berberich and M. E. Bell, J. App. Phys. 11, 681 (1940). 
*L. Pauling, Proc. Roy. Soc. 114A, 181 (1927). 


SP3. Reflection and Transmission of Electromagnetic 
Waves by Thin Curved Shells.* Josern B. Ketter, New 
York University.—The equations and boundary conditions 
for the determination of the electromagnetic field in an 
infinite homogeneous medium containing a homogeneous 
obstacle of different material are transformed into two 
integro-differential equations for the electric and magnetic 
fields. These equations contain integrals over the obstacle 
surface and volume. When the obstacle is a shell of constant 
thickness the fields are expanded in powers of the thickness. 
The lowest order terms are just the incident fields, and 
recursion formulae can be obtained for the higher terms. 
The first-order terms, which give the field scattered by a 
thin shell, are obtained as surface integrals involving the 
incident field. These integrals are evaluated approximately, 
yielding explicit formulae for the scattered field. From the 
results the law of reflection is derived for curved shells; 
geometrical optics is obtained in the limit of zero wave- 
length; the mirror law, the focal length of a curved shell, 
and the conditions for the occurrence of point images and 
foci are deduced ; the change of phase at a focus is found; the 
Rayleigh scattering law is obtained when the wave-length 
is long, etc. The result is compared with various exact 
solutions, and with the solutions of geometrical optics and 
of the Kirchhoff method. 


* To be called after Session X if time permits. 


SP4. Reflection and Transmission of Electromagnetic 
Waves by a Spherical Shell.* Herpert B. KeLLer AND 
Joseru B. KeELLter, New York University.—Exact, explicit 
expressions are obtained for the field of a radiating periodic 
point dipole in medium 1 at the center of a spherical shell of 
medium 2, which is bounded by medium 3. The values of 
€, 4, o, and the shell radii are arbitrary. The reflected and 
transmitted fields are examined in various special cases. 
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When the shell radii become infinite, the thickness re- 
maining constant, the fields agree with those obtained by 
R. K. Luneberg for the case of plane waves normally inci- 
dent on a flat plate of medium 2 between media 1 and 3. 
When the radii are infinite and media 2 and 3 identical, the 
Fresnel formulae for normal incidence of plane waves on a 
plane interface between two half-infinite media are ob- 
tained. When the radii are finite, media 2 and 3 identical, 
and m1 =z; the results of C. T. Tai are obtained. For finite 
radii, media 1 and 3 identical, and the shell thickness small 
compared to a wave-length, the fields check with the 
approximate results of J. B. Keller for the fields reflected 
and transmitted by a thin shell of any shape, when his 
results are specialized to the present case. 


* To be called after session X if time permits. 
SP5. Actual Mass and Inert Mass.* GERTRUDE 


SCHWAR2MANN.—The corpuscles are pictured as thin rings 
of mass my* and radius r* spinning about one of the rings’ 
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diameter as spin axis so that their moments of inertia 
§my*-r**, Interpretation of spin motion as full-fledged 
motion allows of introducing a kinetic energy of spin equal 
to that of linear motion of the independent corpuscles and 
of expressing the units of action (h in the case of Matter 
(2h) in the case of light) as spin quanta. From den 
assumptions and those previously listed! the followi 
conclusions may be drawn: Today’s rest masses of electrons 
and protons are not their actual masses, but the inert 
masses of electrons and protons proceeding at velocity 
1 cm/sec. The inert masses are quantities of motion, h-f/ 
and (2h) -f/c* in case of particles and photons, respectively, 
Attributing to all corpuscles equal radius, to all Particles 
equal mass, to all photons the mass of particle pairs, makes 
the ratio of the frequency to the linear velocity square the 
actual bearer of the particular particle nature of materiel 
entities in both corpuscle and wave state. 


* To be called after session Z if time permits. 
1G. Schwarzmann, Phys. Rev. 72, 536 (1947), 





TO BE READ BY TITLE 


RTI. The Nature of Low Energy Radiation. BENJAMIN 
LieBow!1z, 350 Fifth Avenue, New York.—The Birming- 
ham conference last July “ . . . made abundantly clear 
that the fundamental idea essential for further progress in 
physical theory is still lacking.’’ (Quotation from Pryce, 
Nature 160, 628.) I suggest that some currently accepted 
ideas might be profitably re-examined, particularly the 
corpuscular concept of radiation. Aside from theoretical 
difficulties arising from this concept, there is sound experi- 
mental evidence against it, for example, the “forgotten” 
photo-ionization of gases and vapors by subenergetic 
radiation. Furthermore, Schwinger’s classical prediction of 
the betatron light and its recent experimental confirmation 
support the classical theory of emission from free electrons 
right into the visible region. The nub of the difficulty, 
therefore, lies in absorption. To account for absorption 
processes I have proposed a post-concentration conception 
according to which radiant energy before absorption is 
undulatory, i.e., mot concentrated in “‘corpuscles’’; but it 
becomes concentrated after absorption by rapid inter- 
changes of energy among many electrons which, initially, 
are only feebly excited by the light. As a result of these 
interchanges, some electrons acquire sufficient energy to 
make transitions and/or to escape as photoelectrons. The 
possibility of such electronic interactions seems already 
implied in quantum statistics. At present, these remarks 
apply only to low energies. 


RT2. The Effective Path Length through a Vertical 
Cosmic-Ray Telescope.* Enos E. Witmer, University of 
Pennsylvania, AND MARTIN A. POMERANTZ, Bartol Research 
Foundation.—Previously reported calculations of the aver- 
age path length traversed by a cosmic-ray particle through 
a vertical coincidence counter train have been extended to 
include the more general case of trays of any dimensions." 
The earlier results were valid only for cosmic-ray telescopes 





in which the width of the individual trays was negligible in 
comparison with the length. Formulas have been obtained 
for the following distributions of cosmic-ray intensity with 
zenith angle @: cos*@, cos, isotropic. From these, families of 
curves of L/L vs.1/L, with w/L as parameter have been 
plotted. Here L is the average path length, L is the separa- 
tion between extreme trays, / is the length, and w the 
width of a tray. As an example, when L=/=w, L/L hasa 
value of 1.094 for a cos*@ distribution. Details will be 
published shortly. 


* Supported in part by Office of Naval Research. 
1 E, E. Witmer and M. A. Pomerantz, Bull. Am. Phys. Soc. (Novem- 
ber 1947), Houston Meeting, Abstract F10. 


RT3. Theory of the Damped Non-Linear Oscillator. 
M. AvraAMy MELvIN, Columbia University. Concrete ex- 
amples are: loaded viscously damped non-linear. springs, 
heavy gyros, a sliding boulder, avalanche, or skier on icy 
ground, automatic control systems, here considered more 
generally than in an earlier paper.* Steady states of zero 
motion and the approaches to them are described. Within 
the region of faithfulness to a given equilibrium position, 
the history of the oscillator is represented by a spiral in the 
velocity-position plane. This spiral may be bounded be- 
tween two readily calculable comparison spirals beginning 
at the same initial point. In this way follow criteria for 
oscillation and over-damping, and the possible existence of 
any finite number of oscillations in the transient state of 
non-linear oscillators. A method is given by which the 
velocity-position plane may be sectioned into successive 
characteristic oscillation number regions, i.e., from which the 
number of oscillations to the steady state takes on suc 
cessive half-integer values. Methods for setting upper and 
lower bounds of the number of oscillations and times re 
quired for the deviation to fall to any desired value are 
described. Several applications are given. 

* M. Avramy Melvin, J. App. Phys. 18, 704 (1947). 
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